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We apologise to readers for the fact that a 
number of our regular features have had to be 
held over until next month due to the pressure 
on editorial space. 


See page 40 for details of this month's 
competition with four Dragon computers to be 
won. 
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New Atari 68000 machine 
will run GEM software 


The Sinclair QL will face severe 
competition later this year when two 
new machines, the Commodore 
128 and Atari ST series, are 
launched in the UK. 

Both machines saw the light of 
day at CES Las Vegas in January, 
and both are attempting to follow 
the QL into that indeterminate 
market between the home and bus- 
iness user by providing a low-cost 
but powerful computer capable of 
running games and business soft- 
ware alike. 

The Atari ST range is a significant 
step forward in low-cost computing. 
It is a 68000-based computer which 
will be available in two versions, the 
130ST and 520ST. The processor is 
similar to the 68008 used in the QL, 
which is a cut-down version of the 
32-bit 68000 with an 8-bit rather 
than 16-bit bus. 

Both versions of the ST run GEM 
(Graphics Environment Manager); 
this is Digital Research's menu and 
ikon driven operating system, simi- 
lar to that used by Apple on the 
Macintosh and far in advance of QL 
Qbos. 

The main difference between the 
130 and 520 is the available user 
memory. The 130 has 128K RAM: 
the 520 has 512K RAM. Each has 
192K ROM expandable to 320K, 
RS232 and Centronics interfaces; 
video, RGB and TV outputs (with bit- 
mapped display) and joystick ports. 

An Atari spokeswoman in the US 
told E&CM that both machines 
would be on sale in the US in March 
or April. Atari UK expect that the 
British launch will be in May or June. 


_No statement on price was forth- 


coming, but it is likely to be in the 
$300 to $400 range. 

Commodore were equally vague 
about the UK launch date of the 
C128: ‘Certainly before the end of 
this year, logically mid to end sum- 
mer, in time for the Christmas 
market’. 

The C128 is an 8-bit machine and 
a bit of a mongrel at that. It has no 
less than three processors: a 6510 
{to emulate the Commodore 64); 
and 8502 (the C128's ‘own’ proces- 
sor) and a Z80 to run CP/M pro- 
grams. 

Different amounts of RAM are 
available depending on which pro- 
cessor is in use: 64K on the 6510, 
and 128K on the 8502 and Z80. The 
main function of the 8502 is fast 
data transfer between the computer 
and Commodore's 1571 disk drive. 

A mass of software will be avail- 
able to users of the C128. All 
CBMé64 programs can run on this 
machine, as well as standard CP/M 


packages. So there will be games, 
wordprocessors and spreadsheets 
galore. 

But in order to compete in the UK 
market the C128 will have to be 
competitively priced — there are alot 
of cheap CP/M machines around, 
which may not run CBM64 games 
but most business users don't need 
to. When Commodore release a true 
16-bit machine, as expected, then 
they will be able to stand up to the 
Atari STs and other low-cost home/ 
business computers. E&CM will 
benchtest both the Atari and Com- 
modore machines as soon as they 
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can be obtained from the US. 

@ Commodore have slashed the 
price of the Plus/4 from £300 to 
£150. This almost certainly means 
that the less powerful C16, priced at 
£130, will be phased out, and 
although the CBM64 may retain its 
popularity Commodore can expect 
the Plus/4 with its integral software 
to take a leading position in the 
market. Following price cuts Com- 
modore’s UK general manager, 
Howard Stanworth, resigned his 
position. In the first six months of 
the current financial year the profits 
of Commodore UK were halved. 
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Maplin fires 
broadside 
against piracy 


Software companies have long 
been searching for a means to pre- 
vent their programs being copied 
(pirated) either by individuals or by 
organised (criminal) gangs. The 
unauthorised duplication of soft- 
ware is claimed to be costing the 
industry anything between £30 and 
£100m each year. ‘Safe Load’ is a 
recently launched protection 
system that could prove to be the 
solution to the problem of computer 
software piracy. 

The ‘Safe Load’ system was 
developed by Keith Halliwell and will 
be marketed by Maplin Electronic 
Supplies. ‘Safe Load’ requires no 
hardware modification to either the 
computer or the cassette recorder 
used to load data but the ‘Safe 
Load’ data cassettes themselves 
are of a special design. Outwardly 
the cassettes are identical to a 
standard audio cassette but there 
are differences to the internal design 
of a ‘Safe Load’ cassette. The com- 
puter detects these differences and 
when the Safe Load protected soft- 
ware is copied onto a standard cas- 
sette, the software will still load as 
usual but the check for the presence 
of a ‘Safe Load’ cassette will fail and 
the program will not run. This is the 
secret of the ‘Safe Load’ system, it 
does not seek to prevent the audio 
copying of software by low level 
recording techniques, something 
which has proved unsuccessful in 
the past, but relies on the special 
cassette housing. Thus the system 
allows perfect audio copies to be 
made but prevents such copies 
from being used. 


At the launch of the system a Safe 
Load protected program was 
copied to an ordinary cassette tape 
and this copy did indeed fail to load. 
A copy of the copy was then 
recorded on a blank ‘Safe Load’ 
tape and this third generation tape 
was loaded and then run without 
any difficulty. 


At the launch of the system Map- 
lin stated that they would police the 
system by way of random checks 
throughout the country and that 
they would not hesitate to take legal 
action against any individual or 
group of people infringing their 
patent in respect of the system. 


As yet there is no software avail- 
able with the ‘Safe Load’ anti copy 
system incorporated but many well 
known software publishers are 
bound to show a keen interest in a 
system that could once and for all 
rid the industry of the unwelcome 
attentions of the software pirate. 
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Revitalised Acorn may spurn home market 


Acorn have been saved by Olivetti 
from an already bursting computer 
companies’ graveyard with a pack- 
age that will ‘reinforce Acorn’s posi- 
tion in educational and allied 
markets’ but ‘further reduce Acorn’s 
dependence on the volatile home 
computer market’. This may mean 
the death of the Electron. 

The immediate cause of the cash 
crisis which led to a partial takeover 
of Acorn Computers by Olivetti was 
poor pre-Christmas sales of the 
Electron. 

Sixty five per cent of Acorn’s 
£10.9 million half year loss was 
accounted for by reducing the value 
of unsold machines stored in 
warehouses, cancelled orders, and 
making refunds to the trade 


because of forced price cuts on the 
Electron. 

. Production of both the BBC B and 
Electron has ceased, according toa 


spokesman at Acorn’s Public Rela- 
tions company. It is not clear 
whether this is a temporary or per- 
manent suspension but BBC, if not 
Electron users, can probably 
assume that their machines will 
continue to be supported with new 
hardware and software. ‘The com- 
pany’ says the spokesman, ‘is back 
on the straight and narrow’. 

Immediately after Christmas 
Acorn discontinued its US operation 
after losses of £6 million, and cut 
back its dealer network in the UK. 
Rumours of poor sales caused 
Acorn share prices to fall in the week 
preceding 22 January, when Chris 
Curry and Herman Hauser, joint 
founders of Acorn, announced a 
price cut of £70 off the Electron and 
trade-in deal of £50 discount on a 
BEC Micro. 

Trading in Acorn shares was sus- 
pended on February 6 following the 


Micro floppy disc interface 
discovered on Spectrum 


The Spectrum continues to expand, 
now with a 3.5” single disk drive 
module built by Opus Supplies Ltd, 
called the Discovery 1, and priced at 
£199.95. 

Opus has also announced the 
Discovery Plus, an upgrade pack- 
age for conversion to dual disc 
drives, priced at £139.95, and the 
Discovery 2, a purpose-built dual 
drive system priced at £325.95. 

Discovery 1 will be exclusively 
marketed by Boots from early 
March. The module sits at the back 
of the Spectrum, bolted to the rear 
edge connector, and includes a 
peripheral through connector, Cen- 
tronics printer interface, joystick 
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interface, mono video output, and 
an onboard power supply. 

The single sided, 40 track, 
double-density 3.5” drive has a for- 
matted capacity of 180Kbytes. The 
system supports Random Access 
files and has firmware to implement 
RAM disks. It is fulty compatible with 
Microdrive/Interface 1 syntax, and 
has all Microdrive commands plus 
extensions, so is compatible with all 
microdrive software. 

Software will be available 
immediately on 3.5” disks. Six 
suppliers have agreed to distribute 
mostly games, but also utilities and 
wordprocessing and spreadsheet 
software. 


departure of the company’s mer- 
chant bank and stockbrokers, and 
what Chris Curry described as ‘in- 
accurate and uninformed’ press 
reports as share prices plummetted 
to 28p from a high of 193p. 

Acorn refused to make any state- 
ment about its plans for reorganisa- 
tion and there was speculation that 
production of the Electron had 
ceased and of takeover bids by 
Sinclair Research and Thorn EMI. 
On 14 February at the request of cir- 
cuit board suppliers Circuit 
Techniques, who were owed 
£19,000, a winding-up order was 
issued to Acorn by the High Court. It 
was at this point that Olivetti step- 
ped in with an £18 million rescue 
package. 

The deal, which splits Acorn into 
four sectors — Business, Scientific 
and Industrial, Home, and Educa- 
tion — gives Olivetti a 49.3% stake in 


PCW makes 
takeover bid 
for Channel 4 


We had hoped to extend congratu- 
lations to Channel 4 and the ‘4 Com- 


puter Buffs’ production team for 
their work in bringing to the TV 


screens a programme that was, in 
its pre-transmission _ publicity, 


described as a programme aimed at 


the more advanced computer user. 


In the event however judging on the 
evidence of the first program, the 
only one to have been broadcast at 
the time of writing, we feel that the 


programme should be accom- 


panied by a warning decreeing that 
too much PCW is dangerous for 
your health. it was surprising to see 
company 
associate itself so closely with one 


a commercial TV 


particular publication. 


It was easy to loose track of the 


number of mentions that the March 


issue of PCW was given in the first ‘4 


Computer Buffs’ though. The bench 


tests were developed from PCW’s 


and the item was discussed with 


two of the magazine’s staff and two 


of its regular freelance writers. 
Further details of the ‘photon’ soft- 


ware project and the ‘Trundle’ robot 
were to be found in PCW. The news/ 
gossip section that rounded off the 


programme was also presented by 
a well known PCW face. 

While not wishing to appear chur- 
lish, ‘4 Computer Buffs’ will not 
make many friends in other sections 
of the extensive computer media 
industry while it so closely identifies 
itself with just one of the hundreds of 
publications dealing with computer 
related subjects. 


the company worth £10.4 million. 
Barclays Bank has doubled its loan 
facilities to £12 million, and major 
creditors have agreed to accept 
delayed repayments. Curry and 
Hauser lose control of the company 
and ‘have gone into a back seat’ 
with a stake reduced from 85% to 
36.5%. 


What this has cost users of Acorn 
computers remains to be seen, No 
detailed statement has been issued 
regarding future support in the 
home and education sectors, or the 
fate of Acornsoft, or of new projects 
such as the ‘C’ and upgrades to the 
BBC. AB Electronics may resume 
production of computers now that it 
is satisfied that Acorn are financially 
viable — stocks of the BBC Model B 
with DFS fitted are already 
exhausted. 


Hardware and 
software guides 
to BBC Micro 


Elsewhere in this issue you will find 
an article from Mike James in which 
he presents a detailed guide to the 
operation of the BBC micro- 
computer from a hardware point of 
view. While Mike manages to pack a 
great deal of information into the 
limited space allowed to him, 
readers requiring further detail of 
the circuit may be interested in Wise 
Owl Publications’ Hardware Guide 
for the BBC Microcomputer’. 

This extensive guide provides a 
full description of the micro's cir- 
cuitry, some tips on how some com- 
mon generic problems may be over- 
come and, for the more advanced 
user, some fault finding tips and a 
full set of manufacturers’ data 
sheets describing the main compo- 
nents of the computer. 

The book is comprehensively 
illustrated both with diagrams and 
fully annoted pictures. Wise Owl 
Publications are at the Hull Innova- 
tion Centre, Guildhall Road, Queens 
Gardens, Kingston-Upon-Hull. 

Another book of interest to own- 
ers of the BBC micro and also of 
Computer Concepts’ ‘Wordwise’ 
word processor is the ‘Wordwise 
Applications Guide’ by Pau! Bever- 
ley. The guide offers help for begin- 
ners and experienced users alike 
and provides solutions to many of 
the most common problems users 
have with Wordwise. 

The guide costs £6.50 + 50p p&p 
and is distributed by TER Roberts, 
Lamorna, The Street, Bunwell, Nor- 
folk, NR16 1NA. 
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John Yau’s project allows a BBC micro to 
grab a video frame and to produce poster 
sized prints from the picture information. 


The hardware described here will enable a 
still video frame to be digitised from a 
standard composite video source (such as 
a video recorder or camera) and stored 
onto disk. Although such a process has 
many general applications the software 
presented aims to produce digitised picture 
posters. A BBC Micro fitted with a 
standard Acorn disk system is required to 
interface to the digitiser, along with an 
Epson MX/FX dot matrix printer for the 
poster printing. Rather than displaying a 
digitised picture on the microcomputer’s 
screen and then daing a screen dump onto 
a printer, the technique adopted in this 
article enables pictures to be printed at far 
greater resolution than any of the BBC 
Micro’s screen modes can handle. The 
extensive software presented to support 
the latter application, along with the 
minimum component design of the 
digitiser hardware, makes this a cheap but 
very effective method of producing those 
so called ‘computerised’ pictures. 


The hardware 


Most commercial frame stores consist of a 
substantial amount of dedicated 


hardware, with their own microprocessor 


and large amounts of RAM storage for 
storing the frame. The latter, along with the 
utilisation of an expensive ‘flash’ A/D con- 
vertor enables a frame to be snatched in 
real time, ie in 1/50th sec. For such a 
system the complexity of the hardware 
results in costs of over £1000! 

The technique adopted here relaxes 
demands on fast memory access and A/D 
conversion speeds, resulting in much sim- 
pler hardware that costs less than £30 to 
construct. The method uses the BBC 
Micro’s RAM for storage and digitises over 
a number of successive frames. Although 
obviously not as ideal as ‘snatching’ a 
single frame, the results are still excellent 
for the generation of digitised pictures. 


s 6,0 6 s e 
Digitising a video picture 
Astandard TV picture consists of 625 hori- 
zontal lines and is transmitted as two con- 
secutive interlaced field frames of 312.5 
lines at a field rate of 50Hz. Each line lasts 
for 64S and is followed by a negative 
going line sync pulse lasting 4.7yS. 
Between each frame there is a sequence of 
pulses used for frame synchronisation, 
consisting of 5 equalising pulses at 324S 
intervals, 5 broad pulses at 32S intervals, 


= 


Example output illustrating the effect of the software 


followed by 5 more equalising pulses (see 
Figure 1). These sync pulses are easy to 
detect because their voltages dip under 
the nominal black level below which the 
picture information part of the video signal 
does not cross. 

For each detected field frame a vertical 
picture slice is digitised (see Figure 2). A 
programmable counter delay is initiated by 
a line sync pulse. When the delay times out 
it fires a start conversion pulse to the A/D 
convertor. The subsequent data is read by 
the computer within the 64,S line period. 
When the end of the line is reached the line 
sync initiates the same delay again, this 
time the picture element immediately 
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contrast control to be described next month. 


below the previously digitised one is con- 
verted. Hence after one field frame a verti- 
cal slice of the picture has been converted. 

To capture the next adjacent picture 
slice the delay is incremented by one pic- 
ture element time period and the process 
repeated. The horizontal resolution of the 
digitiser is fixed at 192, which means that 
the picture will have to be captured over 
384 successive frames ie over a period of 
about 8 seconds, during which time the 
picture must be absolutely still. The cap- 
ture period takes twice the expected time 
because only every second frame is 
examined (an adjacent frame is different 
because of the interlacing). 
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Specifications 
The circuit and software presented in this 
project gives a resolution of 192 x 200 
pixels with 128 brightness levels for each 
pixel. Almost any standard 1V pk-pk com- 
posite video signal will be accepted by the 
circuit. Although a video camera can be 
used the video output from a video re- 
corder is by far the best source to work on. 
With a VCR, pictures that are otherwise 
moving can be still paused for the 8 
seconds required for the frame capture. 

To store a picture at the full resolution 
the required amount of memory is 38 400 
bytes (assuming one byte for each pixel), 
an amount of storage exceeding that of the 
BBC micro’s capacity! The memory prob- 
lem is solved by software, the trick being to 
capture the frame in two halves, using 19 
200 bytes of the BBC’s memory as a buf- 
fer. In either case the captured picture 
should end up as a 38 400 byte file on disk. 


LJ L s e 
Circuit description 
The circuit diagram for the video digitiser is 
shown in Figure 3. The composite video 
signal is buffered by TQ1 feeding a simple 
tuned circuit notch filter which is adjusted 
to remove any chroma component in the 
signal. The signal is then amplified by 
TQ2,TQ3 and the inverted signal’s sync 
tips are clamped to the DC level set by 
V2R. Although gated black level clamping 
is normally adopted, the much simpler 
sync level clamping was found to be 
adequate. 

The comparator circuit centered around 
IC1, an LM311, is adjusted so that frame 
and line syncs are detected. The video sig- 
nal is low pass filtered with a cut-off of 
0.5MHz to ensure that the last of the 
chroma and high frequency noise is 
removed before presentation to IC1. Acer- 


tain amount of hysteresis is also added to 
IC1 to guard against noisy inputs. The 
mixed sync output is directed to CB1 of the 
BBC User Port, the frame sync detector 
and the load lines of line delay binary coun- 
ters IC3, IC4. 

Frame sync detection is achieved by the 
integrating network R16, C8 feeding IC2, 
an NE555 configured as a monostable, The 
latter triggers during the broad pulse reg- 
ion of the frame sync sequence. This pulse 
is presented to PBO to be detected by soft- 
ware. Since the capture process starts 
after the rising edge of the latter pulse is 
detected, V4R determines the first line to 
be digitised. 

At the start of the capture process the 
binary down counters formed by IC5 and 
IC6 is set to 255 by SW1 (reset). The frame 
sync pulse is then detected by software. 
Upon the rising edge of the pulse the BBC 
User VIA is programmed so that CB1 inter- 
rupts the BBC Micro. An on-coming line 
sync pulse loads the counter with the delay 
byte from IC5, IC6 and the count com- 
mences, as clocked by the 4.43MHz crys- 
tal oscillator circuit built around IC9. When 
the delay expires a short carry pulse is gen- 
erated by IC4 of the counter circuit. This 
pulse provides a 220 nS start conversion 
pulse for the A/D convertor IC8 and also 
closes the CMOS sample and hold switch 
{C10 for the same amount of time. It was 
found by experiment that the best results 
were obtained using just the CMOS switch 
capacitance feeding the high impedance 
of the FET op-amp IC7. 

- The A/D convertor chosen is the ZN448, 
a successive approximation device having 
a conversion time of 10uS, well within the 
required conversion rate of once every line 
period (64,8). The device is configured in 
the circuit to vary to the bipolar mode, so 
that it converts input voltages within the 
range —5V to +5V. However only half this 
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Figure 3. Full circuit diagram of the video printer. 


range is effectively utilised since, when 
correctly adjusted, the video signal will 
range from OV to -5V. ‘ 

The Interrupt routine in the software 


reads and stores each latched byte from 
the A/D convertor into memory at a rate of 
once every line period. Once a complete 
vertical picture column has been captured 


e 

| Parts List int 
Resistors 

R1 g2R R22 
R2 27k R23 
R3 g2k R24 
R4 1k 2s 
R5 3k3 R26 
R6 1k R27 
R7 18k RVI 
R8 Bk2 RV2 
RO 1k RVs 
R10 1k RV4 
R11 3k3 Capacitors 
R12 10k C1 
R13 100k C2 
R14 1k C3 
R15 1k C4 
R16 10k C5 
R17 1k C6 


1k C9 10n 
1k Cto 10n 
8k2 C11 100pF 
82k C12 47 
390R. VC1 330pF trimmer 
390R Semiconductors 
1k5  Q1,2,3,5,6,7 BC109C 
220R Q4 BCY70 
1k 4C1 LM311 
10k 1C2 NE555 
47k 1C3,4 74LS161 
100k 15,6 74LS193 
IC7 LF351 
10uF 'C8 ZN448 
47pF 'C9 74LS04 
47uF 'C10 4066 
104F Miscellaneous 
1O0uF 4u7H moulded inductor; 
82pF push to make switch; IDC 


connectors for BBC User 
Port; 4.43MHz crystal. 
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the CB1 interrupts are disabled temporar- 
ily and CB2 decrements the delay parame- 
ter counters IC5 and IC6, ready for the cap- 
ture of the next picture column. The frame 
sync is again detected and the picture 
column capture process starts again. 

The process continues, with the delay 
byte being decremented (delay increased) 
for each consecutive picture column, until 
the whole picture is captured in memory. 
Note that it is possible to design the soft- 
ware so that data is selectively ignored, 
enabling lower pixel resolution or only ‘win- 
dows' to be captured. 


Construction and 
setting up 


The prototype was constructed on ver- 
oboard of size approximately 100 x 
150mm. See the suggested layout of 
Figure 4. The wiring from the CMOS 
switch to the FET op-amp buffer should be 
as short as possible, otherwise layout is 
not critical. 100nF decoupling capacitors 


R18 1k C7 
| ie ik G6 ; should be connected across the supply | 
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raiis every two TTL devices and a single 
100uF capacitor is needed to decouple the 
video amplifier stage (this is not shown in 
the circuit diagram). Care should be taken 
when connecting up the +5V, -5V, +12,0V 
power lines, the expensive ZN448 does not 
tolerate anything above 5V! 

A composite video colour bar source is 
required to set the circuit up, preferably 
from the same source that the digitiser is to 
be used with. Alternatively a suitable signal 


can be obtained from the BBC Micro itself 
using the simple program in Listing 1. 

Set a ‘scope to DC monitoring the output 
of the video amplifier between C3 and R7. 
The trace should be that of the standard 
‘staircase’ type colour bar signal. If the sig- 
nal source has colour, as well as lumi- 
nance, the trace should appear ‘fuzzy’ 
because of the presence of the chroma 
subcarrier. V1C should be adjusted to 
reduce the chroma component to a 


e oe Speed torte cret Prproiaype was contucted na 1003 800m 


REM Program to generate 
colour bars 
REM of decreasing brightness ' 
MODE2; X1=8 
FORI=1T08:REAP C:GCOL@,C 
INC=1280/8 
MOVEX1 ,@:DRAWKX1, 1823 
PLOTAS,X1+1INC, 1023 
PLOTBS, X1+INC,@ 
FLOTBS,X1,@ 
X1=X1+INC 
NEXT 
DATA 74354, 2_5,1,4,0 


minimum. Adjust the gain preset V1R so 
that the voltage difference between peak 
white and black level is just under 5 volts. 
Then adjust the clamp preset V2R so that 
the black level of the video signal sits on 
zero volts. The amplified signal is now 
compatible with the A/D Convertor. 

Finally adjust V3R so that the mixed sync 
pulses appear at the output of IC1. V4R 
changes the width of the frame sync pulse 
which in turn determines the start row to be 
digitised. Check that the delay counter IC4 
is generating carry pulses at pin 15. End of 
conversion pulses should be present at pin 
1 of IC8, the A/D convertor, indicating that 
the device is indeed continuously convert- 


ing. 


NEXT MONTH - Full listings of the soft- 
ware required to produce the picture 
prints. 


ELECTRONICS & reread had 
READER OFFER... . READER, OFFER .. 


1985—THE YEAR OF 
COMMUNICATIONS 


Everybodys doing it—linking their home computers to giant 
mainframes and networking to thousands of micro users via the 


phone and amodem. 


Awhole new world of mainframe games, electronic mail, free ‘telesoftware’, 
electronic notice boards, real time conversation, armchair shopping and home- 
banking willbe at your fingertips!And at local and cheap rate, salads daniel 
around 40p for a whole hours’ entertainment. 


Tohelp getyou and your micro off toa flying startin ‘85, Electronics & Computing, 
have negotiated the lowest possible modem prices for our readers. 


1. Commodore 64: Modem 1000 plus communications 
cartridge reduced from £129.95 toonly £89.95 


inclusive of VAT &p.+p. 


l 
2. Spectrum: The VTX5000 modem reduced from | Please sendtome: | 

£69.95 toonly £64.95 inclusive. | Commodore 64 Modems} 
3. BBC micro: Modem 1000 plusROM software | [ ] Spectrum Modem(s} | 
reduced from £93.65 to only £84.95 inclusive. l ~] BBC micro Modem(s} | 
* All Modems provide 1200/75 baud, enabling access | eiieaiaicke | 
fwithasubscription) toPrestel BT Gold, Micronetandsome Name | 
free bulletin boards. | Address | 

Simply clip the coupon and send it with a cheque | 

(payable to TelemapLtd) to: | | 
EMAP Modem Offer, 3rd Floor, Telephone | 
8 Herbal Hill, London EC1R5JB. = ee ee ee | 
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THE 


CALCULATING 


OL 


The QL’s maths routines are built into QDOS 
rather than the SuperBASIC interpreter. 
Adam Denning shows how programmers 
may gain access to their power. 


It is surprising just how many programs 
need to make complex calculations in 
order to achieve their aims. Games, for 
example, often need to work out the sines 
and cosines of numbers to move stars 
about on the screen. 

Normally this involves the programmer 
in tedious and time consuming effort writ- 
ing these routines, as there is no stock util- 
ity to do it all. The QL, however, is different. 
The mathematical routines are built into 
QDOS, the operating system, rather than 
the SuperBASIC interpreter. One of the 
reasons for this is that the QL’s standard 
graphics routines are also part of the 
operating system, and use floating point 
format numbers for their arguments. The 
mathematical functions are all accessible 
from one routine called RILEXEC. 

This requires the operation code in DO.W 
and the address of a suitable arithmetic 
stack in A1. This stack address must be 
relative to register A6, but the beauty of 
68000 machine code is such that this pre- 
sents no problem. The arithmetic stack is a 
stack in the normal way, in that it grows 
downwards in memory, but each entry is 
normally a floating point number which 
occupies six bytes. Floating point numbers 
are formed so that the first two bytes form 
the exponent and the rest is the mantissa. 
The value represented by the number can 
then be found from this formula: 


fp.value :=mantissa * (2 * 
(exponent — $81F)) 


although we would very rarely need to 
apply this as RILEXEC supports enough 


TABLE 1. 


oP ae 
ht © the 


operations to perform most conversions 
for us. Some of the operations act on inte- 
gers, which are two-byte signed numbers, 
and give a floating point result. Others take 
floating point numbers and convert them to 
integers or long integers. Along integer is a 
four-byte signed number. Unfortunately 
there is no routine to convert a long integer 
to a floating point number, but it’s reasona- 
bly trivial to write. 


Let's have a look at precisely what oper- 
ations are available. Table 1 shows them in 
numeric order, each code being the value 
that should be put in DO.W to perform that 
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operation. TOS stands for ‘top of stack’ 
and NOS stands for ‘next on stack’. The 
top of stack entry is of course the one at the 
lowest memory address. 

Naturally all the trigonometrical opera- 
tions expect their argument(s) to be in 
radians, but with the power provided by 
these operations it is very easy to write a 
‘degrees to radians’ conversion routine. An 
extension of RILEXEC, called RILEXECB, 
allows a groups of operations to be per- 
formed in one go. When using this utility, 
A1 must still point to an arithmetic stack 
relative to A6, and A3 points to the list of 
operation codes, each stored as a byte 
value and terminated in a zero byte. Both 
routines preserve ail registers except DO, 
which holds either zero or an error code on 
return, and the A1 stack pointer which is 
updated as appropriate. Some of the oper- 
ations require D7 to be zero before use, but 
this appears to apply only to RI_EXP. 

To demonstrate some simple uses for 
these routines, we'll write a couple of brief 
graphics programs to draw shapes using 
floating point co-ordinates. It is useful to 
know that the floating point representation 
of Pl/2 is as Pl/2 radians is 180 degrees, 
which is always a useful quantity to have in 
trigonometrical calculations. The last list- 
ing here is the code for a procedural exten- 


sion to SuperBASIC ‘which prints out the 
internal floating point representation in hex 
of any number which is passed as a 
parameter. The procedure’s called TOFP, 
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and it prints its data out to channel 1. We'll 
look at that a little later, but first the three 
simple graphics routines. 

The program in Listing 1 draws a box 
using the integer co-ordinates listed in the 
program. It starts off trivially by opening a 
console device using |O_OPEN and then it 
sets up a suitable arithmetic stack within 
its data area. As discovered in earlier 
issues, the register A5 points to the end of 
a job’s data area upon invocation of that 
job, but AS is relative to A6. This turns out 
to be ideal, as it is necessary for the arith- 
metic stack pointer to be relative to A6 too. 
Once the stack is set up a DBRA loop is 
entered starting at F._COORDS. This 
stacks an interger from the co-ordinates 
list onto the arithmetic stack, calls RIL 


LISTING 1. 


EXEC with RI_FLOAT to convert this into a 
floating point number. This is done four 
times, controlled by another DBRA Ikoop, 
so that the arithmetic stack now contains 
the (X,Y) co-ordinates of the start of the line 
and of its end. This information is just what 
the line drawing routine, SD_LINE, 
requires, but it needs its stack pointer to be 
absolute rather than A6 relative, so A6 is 
added into A1 before executing the trap. 
The outer DBRA loop ensures that four 
lines are drawn, and then the program 
stops doing anything meaningful by con- 
tinually branching to the same instruction. 

Notice two things here. We have not 
used floating point numbers directly, but 
got the QL to do the conversion for us. 
Also, we could have made more efficient 
use of the co-ordinates in the list, as the 
end of one line is obviously the start of 
another. 

The second program, shown in Listing 
2, follows essentially the same principles, 
but draws a circle instead. It uses the SD_ 
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LISTING 2. 


point parameters in the order: 


X,Y co-ordinates of circle’s centre 
Eccentricity of ellipse/circle 
Radius of circle 

Angle of rotation of major axis 


The program (Listing 3) is almost identi- 
LISTING 3. 


¢ 


cal to the box-drawing one, but this time 
there is little room for improvement as the 
circle’s co-ordinates all refer to different 
things. Finally, we'll use SD_ARC to draw 
an arc for us. 

The SD_ARC routine needs floating 
point parameters to specify the (X,Y) co- 
ordinates of either end of the arc, and then 
the angle which is subtended by the arc in 
radians. PI/2 radians is a reasonable angle, 
so after stacking the four co-ordinates and 
floating them, we manually stack the float- 
ing point representation of Pl/2 and sub- 
sequently draw the arc. 

As there are always circumstances in 
which it is necessary to use a floating point 
number but can think of no way to easily 
obtain it, Listing 4 adds that TOFP proce- 
dure to SuperBASIC. 

It should be assembled and loaded into: 
resident procedure space, and then its 
start address called. This installs it in the 
name list, but type NEW once first to make 
sure. It uses obvious techniques, taking 
advantage of CA_GTFP to gather its argu- 
ment as a floating point number of Super- 
BASIC’s arithmetic stack, and then it finds 
the channel ID of channel #1 using a few 
system variables. A conventional binary to 
ASCII hex routine converts the exponent 
and mantissa into strings which are sub- 
sequently printed to channel #1. This pro- 
cedure is useful when we're playing 
around with RILEXEC, as the human mind 
(well, mine anyway!) is not too good at con- 
verting a literal into internal format. 


LISTING 4 
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FEATURE 


RANDOM 
ACCESS 


_ Adam Denning concludes his 
series by giving some 
subroutines for the writing and 
erasing of records. 


Last month we wrote the routines to 
initialise and terminate the random access 
filing system, and the routine to read a 
specific record. Now we need to design the 
subroutines for writing and deleting 
records. 

The routine to write a record is called 
WRTREC, and is called with the number of 
the record which is to be written to disk in 
RECNUM. Four bytes in OSBLOK must be 
initialised with the address from which the 
record is to be written, just like RDRECD. If 
the specified record already exists, its pre- 
sent contents is overwritten without further 
ado. If the record does not exist, then one 
of two actions is taken: 

1) The record map is searched for the 
first invalid (ie deleted) record, which is sig- 
nified by a record number of $FFFF. This 
record is overwritten by the new record, 
and the $FFFF is replaced with the real 
record number. 

2) If there are no invalid records then the 
new record is appended to the file and the 
map updated accordingly. 

The process of deletion is fairly 
straightforward; the record number in the 
record map is simply overwritten with 
$FFF. No other action needs to be taken. If 
the specified record cannot be found, an 
error is returned. 


Searching 

Let’s examine the code for DELROD first 
(Listing 1), as this is simple. It is entered 
with the record number in RECNUM. 

This routine calls a subroutine with the 
name of ‘SEARCH’. We do not need to 
write this, as it already exists in RDRECD — 
it’s the section of code from the start of 
RDRECD to BADREC. Both it and 
RDRECD need a slight bit of alteration to 
allow the conversion, but it’s very simple: 
change the start of RDRECD to look like 
this: 


.RDRECD JSR SEARCH 
BNE GOTREC 
RTS 

GOTREC 


Move the code which forms the sub- 


routine down out of the way, using a suit- 
able screen editor or wordprocessor, and 
alter the line which says ‘BEQ GOTREC’ to 
‘BEQ FOUND’. Then insert a couple of 
lines after BADREC: 


FOUND LDA #$FF 
RTS 


Now back to DELRCD: If the record can- 
not be found, the routine returns with the 
zero flag set. If the record is found, $FF is 
loaded into the relevant locations in the 
record map, using (CURECD),Y addres- 


sing. Y is then decremented to reset the 
zero flag and the routine returns. We do not 
decrement the number of records in the 
file, as the record still notionally exists and 
may be discovered in subsequent calls to 
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WRTREC. 

WRTREC Listing 2 is more compli- 
cated than RDRECD. First call SEARCH to 
see if the record number given already 
exists, and if it does branch straightaway 
to RWRITE. Otherwise, preserve the given 
record number in SPARE, put FFFF in 
RECNUM, and call SEARCH again. This 
will find the first invalid record entry and 
leave its map address in CURECD. This is 
set to the true record number, then return | 
the record number to RECNUM once 
more. 


Then we branch to RWRITE. If there are 
no invalid records append the new record 
to the end of the map. This is done by tak- 
ing the address of the map plus two, to a 
point past the record count, and then by 
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_LISTING 2. 


adding the number of records in the file on 


RG dev ps ei 


technique as in converting SEARCH, but 


twice to get the address of the end of the | into a sequential file pointer by multiplying | all that needs to be added is an RTS just 
map. The record is then stored at this | it bythelength of arecord. Follow the same | before the LDA #3, anda call to SETPTRat 


address and the count of the number of LISTING 3 
‘records in the map (and therefore in the file) | FBesetatbdind 
is incremented. Then we get to RWRITE. R 

This part of the code is virtually identical 
to the corresponding section in RDRECD, 
except that we put 1 rather than 3 in the 
accumulator before calling OSSBPB. This 
command makes the routine write the 
specified number of bytes from the 
specified base address to the file, using the 
sequential pointer value in which OSBLOK 
is placed. 

We have converted another part of 
RDRECD into a subroutine Listing 3 — the 


EPROM SERVICES 


QL, SPECTRUM & ZX81 HARDWARE 


QL SERIAL TO PARALLEL PRINTER ADAPTOR - £28.95 

® Supphed with all cables 

® Integral mains power supply — reduced strains on the QL’s PSU and high power printer 
output. i 

® Power-on LED indicator 

w True RS292 levels — for reliability 

® Fully enclosed black box 

* Crystal controlled BAUD rate generator — default 9600 baud, adjustable down to 300 baud. 

® Adjustable parity and bits per character input - for use with other computers 

* Double buffered input - no lost characters 

* SUPERBASIC and QDOS compatible 


Also available for 2X SPECTRUM Interface One and other computers with a SERIAL 
PRINTER PORT: 


QL EPROM CARTRIDGE - £14.95 
Fits the EPROM Cartridge socket holds two 2K, 4K or 8K EPROMs. Allows SUPERBASIC 
extensions to be available at power on 


QL EPROM CARTRIDGE SOFTWARE — £9.95 each 

To fit above cartridge 

U) Utilities -— includes CLOCKS, TIMER, XDIR, MEM-drive, RPP. 

B) Basic + 1 — includes TRACE, RENAME. LIST VARS, LIST PROCs, BIN, HEX, PUT, GET, 
LIST NAME. 

T) Multitasking - includes J LIST, J RUN, J STOP, SPOOL, ] REG, B REG. 

G) Graphics - includes CHGEM, FONT, UDG, PIX, VSCROLL, CSCROLL, CHAR, MOVE 
MEM 

Up to 8 sets of software may be fitted to a single cartridge. 
Introductory 


QOL CABLES 
QL SER with 1.6 metres of cable ..... £3.95 MICRODRIVE approx. 8 
QL CTL with 1.5 metres of cable ..., £3.95 QL SERIAL CABLE ... 


For ZX8] and SPECTRUM enables interfacing to a wide range and combination of interface 


Dual Centronics /F .» £26.95 


24 line VO Card .... Single RS232 VF £25.95 
Real Time Clock .. Dual RS292 UF. £34.95 
8 Input 8 Bit ADC ,, 3 Output DAC ... £26.95 
4 Input 10 Bit ADC... EPROM Programme: ka 


8 Input 12 Bit ADC..., 


3 Wedgewood Drive, Leeds LSS 1EF Tel: 0532 667183 
Prices include p&p. Please send SAE for full details. Export and Trade enquiries welcome. 
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GOTREC. SETPTR is then the section of 
code from the old GOTREC instruction to 
the newly added RTS. The final result is 
shown in Listing 3. 

The only section to be written now is the 
program which needs to use a random 
access filing system. It’s been a fairly long 
and unavoidably intermittent journey, due 
in the most to the greater joy of experi- 
menting with a new computer (the QL of 
course!l), but we should all be in a position 
now to use the random access capabilities 
of the BBC Micro with a disk interface to 
their full potential. 


COMMPAK 


MULTI STANDARD 
INTELLIGENT MODEM AND 
PRINTER CONTROLLER 


Only £140 inc. 


Adds a second ‘Communications Processor’ to your computer. Essential for 
PRESTEL operations on the Sinclair QL. 


Communicates with computer via 4800 baud RS232 interface, using standard 
25-way D connector, Acoustic Coupler accepts phone handset for quick and 
simple connection to standard telephones or Statesman inphones (please 
specify). Direct Connect version available at £160 inc. Acoustic Coupler may be 
converted to Direct Connect for £28 inc, 


Modem Speeds — 300/300, 1200/75 (Prestel), 75/1200, 1200/1200 
Standards — Bell 103/113, CCITT V21, CITT V23 


300 Baud Modes ~ Originate or Answer 
1200 Baud Modes — Standard or Equalised (for noisy lines) 


On board Microcomputer controls speed conversion, buffering and Modem 
operation. Recognises over 20 software commands with ‘Help-Menu’, EPROM 
firmware allows for future developments. In 1200/1200 Mode, Micro uses. 
‘Packet’ techniques to avoid collisions and allows fast data transfer between 
COMMPAK Users. 


Printer mode provides Serial to Centronics conversion. Uses standard printer 
cable (available at £15 Inc.). Modem ‘Log’ function copies 300 baud line data to 
printer. 


Comes complete with instructions. A range of Terminal Emulation software is 
available for the Sinclair QL, BBC and Torch computers, including ‘UNITERM’, 


Please send for details or phone 0792-473697. 
Make cheques/PO’s payable to Commpak Data. 
Prices include VAT + p&p. Allow 14 days for delivery 


COMMPAK DATA 
13 BEECHWOOD ROAD, UPLANDS, 
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Once connected to the QL, 
QCOMallows youtoaccessthe 
considerable number of phone- 
in databases, such as Prestel 
and QNet. 

QCOMenablesyoutocom- 
municate with other computer 
users. Its facilities include elec- 
tronic mail, data transfer from 
Microdrivesand bulletin boards. 


DAVID KARLIN 


Why Q COM is 


everything you could wish 


for in Communications. 


The QL is now communicating - via Q COM! This exciting 
three-part peripheral presents QL users with a multitude of 
ways to exploit the world of communications. 


Through it you can link your 


| QL to larger minicomputers. 


QCOM has full capability in this 

area,andallowsthe QLtotalkto 

powerful mainframes. 
QCOMS automatic dialling 


and call acceptance facilities, 
together with the storage of 
messages from other modems, 
will revolutionise the way you 
use your telephone. 

The next few pages of QL 
News tell you much more. 

It's enough for me to say here 
that with the QL and Q COM, 


you'll be exploring new open- 
ings in communications for 
some time to come! 


Pu Kar 


David Karlin, 


| Chief Design Engineer. 


The Q COM package 


Three special parts to stack! 


<> QL communications 
po 


interface 


This multi-speed interface con- 
tains the sophisticated software 
used to set up QL communi- 
cations — and to control the 
Q CALL and QMOD units. 

Q CON also comes com- 
plete with Microdrive-based 
software. This enables the QL to 
link to larger computers using 
VT100 and viewdata protocols. 

The software will also 
run any standard modem - 
connected via Q CON's built-in 
RS-232-C port. 

Most importantly, Q CON 
allows the QL to transmit and 


QCON 


receive at rates switchable from 
75 to 9600 baud (encompass- 


| ing the widely-used 75/1200 


Prestel rates, and 1200/1200 
half duplex rates for user-to- 
user exchange). 

Q CON is specially styled to 
suit your QL—withsimilarfluting 
and ribs — and forms the base 
module of a vertical-stacking 


| system. 


It's supplied with full instruct- 
ions, software on Microdrive 
cartridge, and connecting leads. 


Q CALL 


Mea aR 


Q CALL gives every QL user 
something out of the ordinary. 
Its a module which links 
directly to your telephone, and 
allows auto-dialling at the push 
ofasingle key. Inthe same way, it 
will permit incoming calls to be 


QMOD 


QL auto dial/answer unit 


accepted automatically ... and 

even trigger pre-programmed 
activity from the QL! 

| QCALListhe central unit of 

the package. It plugs directly into 

Q CON - sothere are no con- 

necting cables to worry about. 


“7 QL modem 


Q MOD has all the powerful 
facilities expected of a modem, 
in a neat and simple unit. 
Ituses either V23 75/1200 or 
1200/1200 baud rates, for Pres- 
tel, Micronet 800 and all the 


viewdata services described 
alongside. 

It also incorporates a tele- 
phone extension socket for 
| manual dialling. 


| Q MOD is the top unit of 


Q COM, and comes with a 9’ 
built-in telephone cable. 

All three units are available 
from Sinclair on (0276) 685311 
and from selected Sinclair 
stockists. 


The QL hooked 
on voice and data 


The QL can now act as your 
personal address book and 
telephone operator! 


Q COM allows you to store 
hundreds of personal or busi- 
ness numbers. 

You can store lengthy pass- 


| words and account numbers — 


and recall them-at the touch of 


| asingle key. 


And any information that’s 


| sentto you from other modem- 
| owners can be gathered and 


stored on Microdrive oo | 
or incorporated into your QL 
Quill documents! 


Exploring the world 
of QNet, Prestel, 


Thousands of QL users already 
enjoy the excitement of linking 
to a nationwide mainframe. 

Q COM turns your QL into 
an intelligent terminal, allowing 
you to access many thousands 
of pages of information, soft- 
ware and communications facil- 
ities. 

The services brought to you 
through Prestel can include 
Micronet 800, Viewfax 258 and 
QNet, the new QL database. 

Membership of QNet will 
bring you free software, QL 
news and features, and all the 
wide-ranging services of view- 
data! 

If armchair shopping is more 


eet 
Nain Index 
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News... information 
new viewdata capability. 


‘Micronet and more! 


your style, that's easy too. It's 
often possible to place a direct 
order using your QL! For dedi- 
cated QL owners, there's a daily 
selection of software reviews, 
chart toppers ... and all the facts 
and figures you need to make 
buying peripherals simple. 

With Q COM you can also 
‘download’ software from the 
system directly into your QLand 
either use it immediately, or 
store it on Microdrive cartridge. 

In fact the only problem 
you'll face with a viewdata 
service is finding enough time to 
explore its many features! 

You can find out how to join 
QNet by phoning 01-278 3143. 


wal Sky Guide) 


banking services and QNet. And only a fraction of the QL's 


~QLmeets the 
mainframes! 


turns your QL into a VT100 ter- 
minal, providing instant access 


| to in-house computing services, 


both mainframe and mini. 
Whether you are using your 
QLat home or at work, Q COM 
gives you access to electronic 
bulletin boards which provide 
help and advice 24 hours a day. 
You can leave messages or 
notices for friends or business 
contacts and even hold live 
discussions with them. 


5 | The Q CON unit of Q COM 


Additional benefits for the 
QL business user include easy 
access of in-house company 
software, and the interrogation 
of other data bases around the 
country. 

There's also the opportunity 
oflinkingto British Telecom Gold 
— the widely-publicised and 
popular messaging service. 


—] | mt {— || 


The BBC Micro is still one of the most 
innovative microcomputer designs from 
both the software and the hardware point 
of view. The internal design of the BBC’s 
software has been the subject of a number 
of articles in E&CM and it is the purpose of 
this article to redress the balance in favour 
of the hardware. 

When contemplating the BBC Micro’s 
hardware it is all too easy to go on at length 
about its ‘larger’ features such as the Tube 
or its ability to page ROMs but the machine 
is also interesting at a more detailed level. 
If you examine its circuit diagram it is not 
long before you spot some additional 
clever aspects of the design. Sometimes it 
is simply the way a timing signal has been 
derived, or something to do with the way 
the different parts of the hardware work 
together. Reading circuit diagrams is not 
often a rewarding experience but in the 
case of the BBC Micro it certainly is! To 
help get you started the following notes 
provide a general overview of each section 
of the circuit and highlight a few of the spe- 
cial features. Throughout itis assumed that 
} you are a BBC Micro user, know something 
about computer design, have a TTL data 
book and have or can acquire data sheets 
on the other chips in the design. 


The BBC Micro uses a wide range of clock 
pulses to synchronise its operation. 
Although the 6502 CPU (IC1) is a double 
speed device running at 2MHz, the 
system's dynamic RAM is accessed four 
times in every microsecond; twice by the 
6502 and twice by the 6845 CRTC 
(Cathode Ray Tube Controller), Thus the 
RAMs are cycled at 4MHz. A 16MHz crys- 
tal oscillator (IC43 and IC40) provides the 
master clock that is divided down by the 
video ULA (IC6) to 8, 4 and 1MHz (all in 
phase). A 2MHz clock for the 6502 is pro- 
vided by OC30 by phase shifting the origi- 
nal 2MHz clock from IC6. As some of the 
peripherals that the 6502 has to access to 
are single speed devices IC33, IC31 and 
{C34 are used to stretch the clock to 1MHz 
when an appropriate address is detected 
by IC23. A 6MHz clock is generated by 
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THE DIAGRAM 
DIAGNOSED 


Mike James makes a careful study of the BBC micro’s circuit 
diagram (printed on our centre pages) and finds it still one of the 
most innovative designs around. 


IC40, 1C38 and IC37 for use by the teletext 
character generator IC5. 

A power on reset signal is generated by 
a 555 timer (IC 16) and a simple RC network 
(R20 and C10). The reset signal from the 
RC network is only applied to the system 
6522 VIA (IC3). The 555 can also be 
triggered by a reset switch (which is not 
normally fitted to the main PCB) or by the 
BREAK key on the keyboard. Thus, by exa- 
mining the state of the system VIA, the 
machine can discover if a reset is due to 
power on. Obviously following power on 
there is no valid data in memory but after 
the reset button is pressed there may well 
be. 

The CPU's address bus is distributed 
around the rest of the circuit but individual 
chip select signals are derived by 1C20, 
IC21, 1C22, IC24, IC25, IC26 and IC29. 
Chip selects for the Tube, A to D, Econet 
interface, floppy disc controller and the 
two VIAs are provided by IC24 (which uses 
IC22 as a high address detector). Two of 
the outputs of 1C24 are further decoded by 
IC26 to provide further chip selects for the 
Econet station number register, the ROM 
select latch, the video ULA, the serial ULA, 
the 6850 ACIA and the CRTC. Notice that 
the R/W line is used in the decoding of 
these first four select lines which means 
that it is only possible to write to the ROM 
select latch and to read the station ID(en- 
tifier) — that is they both occupy the same 
address — and it is only possible to write to 
the video ULA. The address decoding for 
the ROMs is straightforward apart from the 
use of IC76 to select which of the four 
paged ROMs is used. The expansion I/O 
areas Fred and Jim are selected by outputs 
from IC20. The RAM is selected by simply 
using address line 15 to indicate accesses 
in the lower 32K. A signal for slow (1MHz) 
devices is derived by IC23. 


The BBC Micro’s 32K of RAM is provided 
by sixteen 4816 dynamic RAM chips — 
IC53 to IC68. As already mentioned these 
are accessed four times every micro- 
second and this implies that they are very 
fast devices. The row and column 
addresses are supplied by six octal buffers 
IC8 to IC13. The CPU accesses the RAM 
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via |C12 and IC13 and the CRTC via IC8 to 
IC11. Which device has access is control- 
led by IC45. The dynamic RAM is refreshed 
by the CRTC continually cycling through all 
of the possible row addresses. The data 
bus to the CPU and other devices is buf- 
fered by IC14. 


Perhaps the cleverest part of the entire 
BBC Micro's circuit is the way that the 
6845 CRTC is used. If you look at an appli- 
cation sheet for the 6845 you will see that it 
is supposed to address two different types 
of memory. An area of RAM, used to store 
ASCII codes and an area of ROM to gener- 
ate the dot patterns of the characters to be 
displayed. The idea is that the output of the 
RAM is used to select a dot pattern from 
the ROM and the CRTC provides extra 
addressing to select each byte of data 
which make up the characters. Of course 
the BBC Micro (in modes 0 to 6) doesn’t 
use a ROM to generate the dot patterns as 
they are stored directly in RAM. Another 
interesting feature is the way that the 6845 
is coaxed into providing colour information 
— the raw 6845 is a monochrome device. 
The key to understanding how the 6845 
has been used in the BBC Micro is to notice 
that although its address lines are segre- 
gated into two groups — MAO to MA13 and 
RAO to RA2 — they can just as easily be 
used to address a single block of memory. 
In other words, the CRTC simply 
addresses the memory a certain number of 
times per TV scan line and what happens 
to the data that is produced is not its con- 
cem. 

Once the data has been selected by the 
CRTC it is sent (a byte at a time)’to the 
video ULA (IC6) where it is serialised and 
applied as the address to a small area of 
static RAM — the palette RAM. This is 
responsible for adding the colour to the 
display. The output of the palette RAM isa 
four bit word indicating the state of the 
R(ed), G(reen), Bilue) and Flash signals. 


The RGB signal is fed (via Q4 to Q6) to the a 
RGB monitor connector and to the PAL | 


colour encoder formed by Q10, IC46, IC47, 
IC48, Q8 and Q9. The PAL signal is finally 
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applied to a standard ASTEC UHF mod- 
ulator and brought out through a phono 
socket. A composite monochrome video 
signal is also provided by Q7 and Q8 for 
monochrome monitors. Notice that all the 
TV sync signals are generated by the 
CRTC. The cursor signal is mixed into the 
video signal by the video ULA. 


There is one graphics mode where the 
CRTC is almost used as its makers 
intended — Mode 7. In this mode the CRTC 
addresses the top 1K of RAM to obtain 
ASCII codes that are applied to a teletext 
character generator —IC5, Even here how- 
ever there are some tricky methods used. 
CRTC address line MA13 is used as a tele- 
text indicator and this is used to select 
between two pairs of octal buffers that 
apply the rest of the CRTC’s address lines 
to the RAM. Modes 0 to 6 use octal buffers 
IC8 and IC9 and Mode 7 use IC10 and 
1C11. The reason for this is that the CRTC’s 
row address lines are not applied to the 
teletext ROM and so the same ASCII data 
has to be presented to it more than once. 
This implies using a different addressing 
scheme for the RAM and this is 
accomplished by using two sets of buffers. 
The RGB output of the Teletext ROM is 
applied to three input lines of the video 
ULA and hence on to the rest of the video 
circuitry. 


Hardware scrolling 


The time it takes to scroll a screen 
increases with the amount of memory 
involved. As the BBC Micro uses up to 20K 
of memory for a display, simple software 
scrolling would take rather a long time. To 
speed things up a little a very ingenious 
system of hardware scrolling is used. The 
CRTC contains a register that holds the 
address of the first character that will be 
displayed. It is obvious that a scroll can be 
achieved simply by incrementing the value 
in this register by the number of memory 
locations used to store a line of text. The 
only trouble is that the area of memory 
addressed will go beyond the 32K RAM 
limits. Addresses that are above the 32K 
limit should obviously be reduced to refer 
to the start of the display area. This can be 
done by adding a constant to the address 
that the CRTC generates. The constant is 
generated by IC37, IC36 and IC40 from the 
two lines CO and C1 that indicate the cur- 
rently selected display mode. The constant 
is added to four of the high order address 
lines generated by the CRTC by IC39. 


The system VIA 


The CA‘ input is used to interrupt the pro- 
cessor if any key on the keyboard is pres- 
sed, the CA2 input is used to signal the 
start of a new TV frame, the CB1 input sig- 
nals the end of an A to D conversion and 


finally the CB2 input is used to interrupt the 
processor in response to a pulse from a 
lightpen. 

The rest of the VIA’s I/O lines are best 
thought of as forming a sort of auxiliary 
peripheral data and address bus. The eight 
A side data lines are used as a bi-direc- 
tional data bus between the processor and 
a number of other chips (including the 
keyboard and sound generator). The first 
four B side data lines are used as an 
‘address bus’ to select or activate a 
number of devices. This is achieved by use 
of an addressable latch (!C32). The first 
three B side data bits, PBO to PB2, are 
used to address a location in the latch and 
PBS is used to set the state of the location. 
(The latch is clocked by IC31). In this way 
four VIA lines can be used to set the state of 
the eight outputs of the latch! Bit zero of the 
latch enables the sound chip (IC18), bits 
one and two control the speech chip 
(when fitted), bit three enables the 
keyboard, bits four and five provide the 
signals CO and C1 used to indicate the 
mode during hardware scrolling and bits 
six and seven control the caps lock and 
shift lock LEDs on the keyboard. The 
remaining B side data lines are configured 
as inputs. PB4 and PBS are used to detect 
the state of the ‘fire buttons’ on the joystick 
interface and PB6 and PB7 are status 
inputs from the speech synthesiser. 
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FORTH = TOTAL CONTROL 


QL FORTH-83 — fabulous screen editor, 68000 macro-assembler, decom- 
piler, turnkey compiler, binary overlays, floating point, colour, graphics, win- 


dows, sound, QDOS microdrive and device/file integration, ‘hash cache’ fast 
compiler, and 70 page manual. The Forth nucleus comprises over 20k of 


code. £39.95. 


Spectrum White Lightning — an interrupt driven animation system, and a full 


fig-FORTH as well, Produces astounding results — demo to prove it — ridicul- 


ously priced at £19.95 


NEWBRAIN FORTH in PROM — includes screen editor, integration to NEWB- 
RAIN stream i/o handling system, Z80 macro-assembler, floating point, 
graphics, decompiler, utilities, and manual, 16k of code, suits Grundy or GFG 


Rom Boxes - £51,75 


DRAGON FORTH cartridge — split screen editor, sound, colour, decompiler, 


2 Way RS232 
3 Way RS232 
4 Way RS232 
6 Way RS232 


2 Way RS232 .... 
3 Way RS232 .... 
4 Way RS232 


overlays, joystick and timer support, manual and COMPLETE source code — 


£35, CoCo version £45, Eprom card alone £7.95 


Do-it-yourself FORTH kits 


Installation manual — How to do it, model, definitions, editor — £7. 
Source code; 6502, 6800, 6809, 8080, Z80, 8086/8088, 9995, 1802, 68000. 


Z8000, VAX, Apple J[, LSI-11 — £8 each 


Large range of Forth books includes: 
“Starting Forth’ by Brodie -............ : 

‘Forth Programming’ by Scanlon 

‘The Complete Forth’ by Winfield -........2- 
Implementations for Spectrum to VAX, we 
send for catalogue. 


ty bx 
2 Way RS232 crossover .. £70.00 ae w 


DESK TOP SWITCH 


UNITS 


Get the most out of your VDU’s, Printers, Modems 
or Processor systems by getting switched on to 
Mayvision’s products 


9 Line switching 
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BBC Micro 5 line switching 


2 way RS423 5-DIN 
3 way RS423 5-DIN 


connector cables for BBC 
or RS232 also supplied. 


THE COMMUNICATOR 


The solution to most data transfer problems including parallel to 
serial or serial to parallel, code conversion, data spooling, protocol 
conversion. Interested? SAE for details. 


Custom cables made to order, all lengths available on request. 


MicroProcessor Engineering Ltd 
21 Hanley Road Shirley 
Southampton SO1 5AP 
Tel: 0703 780084 


Discounts available for multiple orders. Please add 15% VAT to all 


items. Distributor enquiries welcome. 


MAYVISION LTD. 
Solent Works North Close 


Lymington Hants $04 9BT 
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systems is the capability it gives to design 


8 = ee 
—EeEEEEOEO————ee—— 


A question 
of scale 


John Mellor explains why VLSI (that’s Very 
Large Scale Integration) is an integral part 
of the microcomputer revolution. 


The home computer user probably first 


became aware of custom integrated 
design when Clive Sinclair produced the 
2X81 four years ago. By the use of a single 
customised circuit he was able to produce 
an upgraded version of the ZX80 which 
consumed less power and cost less to 
manufacture. A Ferranti Uncommitted 
Logic Array (ULA) was employed to replace 
14 standard TTL components. 

Standard components are those such as 
the TTL range that are available to all of us 
from electronic components suppliers. 
The use of standard components means 
that anyone can put together a Z80 or even 
an Apple computer with a little know-how. 
The Japanese got into trouble for doing 
just that but not before they had made alot 
of money without incurring any develop- 
ment cost. So, not only are you able to 
make the computer more financially realis- 
tic by using custom circuits, but you also 
stop the opposition ripping-off your 
design. 

VLSI stands for Very Large Scale Integ- 
ration. We all have access to VLSI technol- 
ogy now and many of you will have used it. 


The most commonly available VLSI chips 
are large dynamic RAM chips and micro- 
processors. These are standard compo- 
nents which contain more than 10,000 
gates. 

The large number of gates is achieved by 
making the area of the silicon chip larger, 
reducing the size of the transistors and the 
width of the interconnections, and rede- 
signing the logic functions so that they use 
fewer transistors. In other words, you can 
double the number of gates per chip by 
either doubling the chip area, halving the 
geometry or halving the number of transis- 
tors used to provide the functions. 

A combination of advances in these 
areas has resulted in a doubling of the 
number of gates per chip every year. The 
result is a wide range of more powerful 
chips such as video and disk controllers, 
maths processors and interface devices. 
This makes the job of the systems designer 
a lot easier — imagine trying to build a disk 
controller from TTL NAND gates! — they 
had to before the LSI chips became avail- 
able. 


The major impact of VLSI on digital 
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custom and semi custom chips. A section 
of logic consisting of 32 x 3 input AND 
gates, 8 x 4 input NOR gates and 12 inver- 
ters was recently replaced by a single 20 
pin PAL (Programmable Array Logic). PALs 
are readily available for £7 and can be pro- 
grammed at home using a modified ROM 
programmer. The original circuit used 11 x 
7411, 4 x 7425 and 2 x 7406: a total of 17 
TTL chips plus a fair area of PCB. Even with 
less complex circuits it is economical to 
customise your own niece of silicon. For £7 
a great deal of logic design and PCB layout 
work can be saved. 


Is CAD necessary? 


A common misapprehension is that you 
cannot design a semi-custom chip without 
a lot of expensive CAD software and a 
mainframe computer with graphics work- 
station attached. This software is needed 
only for a very large circuit design which 
will require a change of approach by the 
designer implementing a complete system 
on silicon. 

To design the Sinclair ZX81 ULA the Fer- 
ranti logic designers took a large drawing 
of the ULA showing all the cells, and then 
drew the connections to the various cells 
required to produce the logic — they used 
coloured pencils. Each cell consisted of 
four transistors and a dual current source. 
In addition each cell had three resistors 
(the newer ULAs have six transistors and a 
quadruple current source). { 

The transistors in a cell can be con- 
nected to form inverters or basic 2 x 2 input 
NOR gates. Three cells were connected to 
form a D-type flip-flop. No pre-layout logic 
simulator was required because the pro- 
totype logic existed in the Sinclair Z80 — 
only alittle thought about where to pencil in 
the connections was needed. 

The Ferranti ULAs are to my knowledge 
the only bipolar arrays available. Most 
other manufacturers use CMOS tech- 
nology. The silicon wafers are pre-fabri- 
cated and have gone through all but the 
final stage of production. The surface of 
the chip is covered in a layer of aluminium. 


“4... VLSI — kingpin of the 
microcomputer 
revolution...” 


It is this layer which will be etched away to 
leave the required interconnections. The 
actual process of committing the chip is 
similar to etching a PCB but on a smaller 
scale. 

This cannot be done at home because 
the equipment to produce the mask which 
contains the etching pattern, the chip testr, 
passivation, lead bonding and packaging 
is complex and expensive. 

The interconnections have to be laid out 
on a high resolution computer terminal or 
digitised by using an accurate plotter to 
enter the route of each interconnect into a 
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computer. The computer then checks the 
layout for any shorts, open circuits and 
other design rule faults. It uses a test pro- 
gram, which can be a truth table, to test the 
logic functions. 

Acorn computers recently set up a divi- 
sion purely to research into custom and 
semi-custom chip design. They know that 


2» QUAD O-LATCHES 


two functionally equivalent circuits show. 


to remain competitive in the home and 
business micro market they need to have 
in-house chip design expertise. They were 
the first to perform design in house, most 
other manufacturers send a logic diagram, 
DC specification and factual description or 
truth table to the semi-custom manu- 
facturer. 


8; ® 
G» QUAD GATE PACKAGES 


Using a PAL device can realise considerable savings in logic design and PCB layout work as these 


} Vee 
+5V 


Year Computer 
Pre 


2X80, PET, 0 

1981 Apple, Tandy, 
Acorn, 

Tangerine, 
Nascom 

1981 ZX81 1(F) 

1982 VIC 1 (VIC CHIP-C) 
Spectrum 1(F) 

BBC 1 (F) 
ORIC 1(CD1) 
Aquarius 1(F) 

1983 Interface 1 2 (F) 
+MDV 
interface 2 1.(F) 
Commodore 64 1 (C) 

1984 Electron 1 (A) 
Amstrad 1(F) 
Advance 9(F) 

QL 4 (2F + 2S) 
Enterprise 2 


F = Ferranti, C = Commodore, A = Acorn, | 
CD1 = California Devices, S = Synertic 
(Plessey, NCR). 


The Enterprise, the QL and the Electron 
all make extensive use of custom inte- 
grated circuits. Circuits which are specific 
to that one application in that one product. 
By taking this route the manufacturers 
hope to remain competitive, in the first 
instance at home, against foreign and 
home competition. 

Even Sinclair, who previously only 
employed a small team to conceptualise a 
design, and therefore relied heavily upon 
outside help for the realisation and manu- 
facture of the hardware, is setting up his 
own IC design and fabrication facilities. 
But custom design can lead to problems. 
The home micro market is a good example 
of a situation where it is important to make 
the product available before the opposition 
does. A fault in the design of a PCB based 
logic system consisting of standard com- 
ponents can often be corrected by the 
addition of links and the breaking of tracks. 
Many early modification runs contain at 
least one modification of this type before 
the circuit is corrected. But if an error has 
been made in a semi-custom circuit only 
the fortunate can correct it by an external 
modification (as Sinclair did with the 
Spectrum). 

Computer designers are not yet experi- 
enced enough at specifying logic circuits 
to cover all functional variations, thus the 
chip produced by the chip manufacturers 
may work to the specifications supplied 
but could still contain bugs. The Same of 
course is true of programs. 

The redesign, simulation, fabrication 
and testing of a chip can take months. If a 
second bug is then discovered the delay 
and unexpected additional expense can 
be disastrous and the company may never 
recover from the setback. The late arrival of : 


the Enterprise is due in part to bugs that 
were discovered in the custom ICs. 
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' FEATURE 


DRAGON JOTTINGS 


| Mike James shows how the Dra 
‘| graphics facilities can be tal pe rival 


those of the BBC micro. 


The Dragon sports a reasonably good low 
resolution and an excellent high resolution 
graphics capability. However one common 
and very useful feature that it lacks is the 
ability to define new graphics’ characters. 
To be more precise, it has a clear division 
between text and graphics that means that 
itis impossible to PRINT any characters on 
a hi-res screen - even the standard pre- 
‘defined characters. This makes the user- 


defined character problem even’ more 


important because if you can find a way of 
printing any. graphics shape on. a hi-res. 
screen you can also print allof the standard 
text characters. 

Although the most obvious method’ of 
producing. small shapes in this way. is to 
use the DRAW command this’ article 
approaches the problem by using GET and 
PUT. A few simple ideas combined with the 
standard PUT command gives the Dragon 
user-defined graphics that are as flexible 
and as powerful as those found on the BBC 
Micro.or the Spectrum. 


A close look at GET and 
PUT 


Of all the graphics commands on the Dra- 
gon, GET and PUT seem to be the most 
powerful, and the most mysterious. Using 
GET you can save any rectangular area of 
the screen in an array and can then use 
PUT to produce new copies anywhere on 
the screen. In practice the need for these 
two commands is less than you might 
expect: it is often easier and faster to re- 
draw the shape and then use GET and PUT. 
to reproduce it. However, a little know- 
ledge of how the two commands work 
leads us on to to: ways of using them that 
the Dragon manual never hints at. 

What happens when you: use. GET 
depends on whether you end’ the com- 
mand with ‘G’ or not. When using the GET 
command without’G’ then all that happens 
is that the. display information within. the 
specified rectangle is read into. the array 
memory location’ by memory. location. In 
other words, GET transfers whole screen 
memory locations into. the array. For 


example, if you GET.a 6 by 6 square into 


the array Ain PMODE 4 using 
GET. (0,0)-(5,5),A 


‘then six memory locations within the array 
| will be used, The first will store the screen 
memory location that holds the top row of 
six dots within the rectangle, the second 
---will store the screen location that holds the 
| second row of dots and so on down to the 

| sixth row of dots. Now in PMODE 4, or in 
any two-colour mode, a screen memory 
| location determines the colour of eight 

dots so although you might think that the 


GET instruction will only store the inform- 
ation about the six rows of six dots within 
the rectangle information can actually be 
stored on six rows of EIGHT dots whether 
you like it ornot! 


Screen memory locations 


This. idea of saving whole screen. memory 


Jocations is quite a tricky one’so itis worth 
‘looking at the way the screen memory 


locations affect what is displayed on the 
screen. in. a’ two-colour mode each 


memory location within the, screen’ area” 
determines the colour of eight dots. in the: 


same way, in four-colour mode: each 
memory, Jocation: controls: that’ colour of 
four dots on the screen. If you imagine a 
screen made up of horizontal rows. of dots. 
then, .in a two-colour mode, the first eight 
dots, in the top row are controlled by the 
firstscreen memory location, the next eight 
to:their right by the second: memory loca- 
tion and soon to.the end of the row. Ina 
four-colour, mode the correspondence is 
the same ‘but with groups. of four dots 
rather than eight. When you move down to 
the*screen to the second row of dots the 
pattern is repeated; and so on.to the very 
bottom of the screen. To see this process 
in action ina two-colour mode BY the en 
lowing program: 


PMODE 4 

PCLS | 

SCREEN 1,1 

A=&HFF 

B=0 

1=0 

FOR X=&H600 TO &H600+4" » 
&H600 STEP:2 

[=1+14 

POKE X,A:POKE X+1;B 

FOR K=1 TO 100:NEXT K 
IF1&16 THEN |=A:A=B:B=:1=0 
120: NEXT X 

130. GOTO 130 


The program POKEs all ones or all zeros 
into alternate screen locations so that the 
group of eight dots that each controls may. 
be seen. You should be able to See that the 
screen is divided into 32 columns, each 
eight dots wide. If you want-to see the-pat- 


10 
20 
30 
40 
50 
60 
70 


80 
£4390 
100 
110 


tern for a four-colour screen then change ’ 
‘tine 10 in the above program to read 


10 PMODE3 


You will see the same pattern, but each of 
the lines contains only four screen dots. 
These groups of eight or four dots that 
are controlled by a single memory location 
are very importantto the understanding of 
the way GET and PUT work. lf a screen 


‘memory location controls even one of the 


data within the CRT rectangle then the 
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whole memory location is saved in the 
array and this means that all the inform- 
ation about the other points that it controls 
is saved in the array. In this sense the 
rectangle can be imagined as a sort of 
frame that is placed on the screen and any 
screen memory location that is even. par- 
tially within it is stored inthe array: 


Inside the array 


The screen locations are stored inthe array 
in’ row: order in the same: way that the 
screen memory locations ‘correspond to 
Screen positions. Thatis, the memory loca- 


| tions from the'first row within'the réctarigle 


are stored in the array first; wotking from 
leftto right, then the second row and soon. 
If GETS used to store graphics information 
‘invan attay,.when.you try to examine the 
contents’ of, the. array. you will find: mainly 
Zeros. The reason for-this is that GET com- 
pletely ignores the way the array, or even 
standard BASIC. numbers, aré stored. Both 
the GET and PUT commands treat an array 
as a-sequence of memory locations and 
ignore its division; into separate. numeric 
elements. So; for example; DIM’ A(25) 
reserves 26°5 memory locations because 
the array has 26 elements and each ele- 
ment. {a real: number) needs 5. memory 
locations. Similarly DIM A(@,9) reserves 
100°5 memory locations: As far as the. GET 
and PUT commands are concerned, the 
BASIC arrays are used as areas of storage. 
No.use is made of the fact that the: array is’ 
one.or two dimensional. So, as far as GET 
and PUT are concerned, DIM_A(1,4) and 
DIM A(Q) provide the same amount of stor- 
age (ie 50 memory locations)*and the 
“screen memory locations are simply stored 
one after the other in this area of storage. 
Now | although’ the Dragon . manual 
suggests that: if you want to GET a ~ 
rectangle with n x m points In it, you need 
an array. DIM A(n,m) this is: in fact a gross 
Overprovision of memory.’ It will always 
Work but it is always too much! If you want 
to GET a screen rectangle n x m into the 
smallest array that will hold it, all that needs 
to be done is to work out how many screen 
memory. locations are within the rectangle 
and dimension an array that reserves this 
many memory locations. This is not an 
easy calculation but even an approxima- 
tion saves a lot of memory. For example if 
you are GETting a 5 by 5 rectangle in 
PMODE 4 the largest number of memory 
screen memory locations that this involves 
is ten (ie two screen memory:locations per 
row) so the array can beas smalt-as DIM 
4) ie an array with’ two. elements. If you 
follow.the Dragen: manual’s recommenda- 
tion you would: have to reserve an array 
DIM A(6,5) ie 25 array elements’ or 25"°5 
memory locations! 


e e 
GETting ina mess — 
A consequence of GET storing whole 
screen memory locations is that PUT 
restores whole memory locations. This 
means that if you GET a rectangle that 
includes part of a screen location when you 
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screen memory locations in the same way 


ignored in descriptions of how GET and 
‘PUT work together but if you want to check 


+ “see is this vertical strip. What in fact can be 
~ & seen.is the whole of the small square repro- 
~ duced at the new location! The reason for 
this is, of course; that the GET doesn’t 
” -Store information just from within the area 
_ Specified, it stores whole screen memory 


3 map for PMODE 4 you will realise that the 


‘the first screen memory location: deter- 
') mines the colour of the first eight dots in 


colour ofa dit 4g om oe ts 


RCA Ta var a . 


~ lowed with’a ‘G* then, instead of gees 
— whole memory locations, €achsdot on the 


~ four.dots controlled Dy..the 
|= ‘This means that the only graphics data t 


‘tarly, the PUT command only alt 
area of the screen within: if 


rectangle. To see this add “.G’ to the end ot 
the GET command in the last example and 
*PSET’ to the end of the PUT command 
and you will see that, instead of a square 
appearing at the new location, all you getis 
the vertical line that was predicted! Allin all 
it is easier to predict the result of a GET 
command ending in 'G’ than the result of a 
GET command: that. doesn’t! For this 
reason it is better to always use the *G’ 
Unless you have a good reason for not 
doing so. 


PUT it back anywhere else on the screen, 
all of the memory locations that were 
Stored in the array are restored to the 
screen, and so an. area outside the 
rectangle that you specified in the PUT is 
altered. What is: worse, PUT restores the 


as GET stored ther,;which means that if 
the PUT rectangle Happens to overlap 
fewer or more screen memory locations 
than the GET rectangle did the result will be 
a confused mess! This. fact is ‘usually 


whole screen memory locations into an 
array in row order and from Jeft to right. The 
PUT. command simply transfers these 


that itis true try: 


410 PMODE4 memory locations back to. the screen 
20 PCLS where éver they are required. 
80. DIM A(10) ifthe GET command is followed withaG 


then screen memory locations are ignored 
and the screen information is stored in the 
array dot by. dot; and no information. out- 
side the GET rectangle ‘is stored. tn this 
case the PUT command will not affect any- 
thing outside its specified rectangle. 

As a side effect the GET and PUT com- 
mands: are slower. when G is specified but 
you can.use additional commands in PUT, 
suchas PSET, NOT etc to determine how 
the information -will be restored’ to the 
screen. 


40 SCREEN 1,1 

50. JNE (0,0+(7,5),PSET, BF 
60. GET (7,0)-(12,5),A 

70. PUT (42,50)-(17,55),A 
80 GOTO 80 


Line 50 draws a small solid square with 
comers.at-0,0 and 7,5. Thé GET statement 
should store screen information. in A from 
within a square with: corners at 7,0 and 
12,5. This GET square ‘only overlaps the 
solid square in a small vertical Strip one dot 
wideyie thé line from 7,0 to 7,5: (Confusion 
may be resolved by drawing things out on 
graph paper.) When the informationis PUT 
-back on. the screen all oné would expect to 


2 

Examining arrays 

All this is a Jittle complicated to follow as it 
requires a good understanding of the for- 
mat that is used to store screen. data. lf you 
want to examine the contents of an-array 
that has been used ina GET to check that 
you ‘understand how ‘the information is 
stored use - 


jocations. If you think: about the memory 1000 FOR!=VARPTRIA(O)) TO 


VAROTRIA(G)) +5 
/ S@ET area just overlaps two columns. of 1010 PRINT PEEK():",”; 
adjacent screen locations. For example, 1020 NEXT 1 


where dis the maximum dimension of the 
array A (ié DIM A(d)). This routine will dump 
the contents of each screen location that 
forms the array: lf you want to know how it 
works then look up. the. definition . of 
VARPTR in the Dragon manual. 


PUTting user defined 
graphics 


Apart from. explaining the odd things that 
can happen if you use GET without a G at 
the end, knowing how. the GET. and: PUT 
commands work Seems a little academic. 
However, now that we know the data for- 
Matused by the'simple GET commar.d we 
» Can store.data directly into a array to define 
othe shape that would be produced by a 
«PUT, In-other- words, we can PUT an array 

“that contains graphics data has never been 

the Subject of a GET command. This of 
| Course is the ee, to producing . user- 


the top left hand corner of the screen‘and 
GET area includes the eight dots on the top 
ne, so this whole screen memory location 
has to be stored along with Sereen location 
two, which determines:the colour of the 
next eight dotssithat also fall: within. the 
square .rémember that in a two-colour 
mede a screen \dcation: determines the 


Full graphics detail | 
To. overcome this problem there isa 


second form of boththe"GeT and the PUT; 
command. If the GET command is fol-. 


screen is treated Separately and * 
bits*that .control it-are” packed | 
array. The original .grdupings into_ 
memory jocation aré compl The easiest way of working is to use the 
bine -in= terms of complete soreen 


5 define the bit pattern of a single 
oo Ba or aN 


is Stored in the array comes from within the | 


The GET command works by storing 


command without the final “Gand 
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transfer this bit pattern to a screen memory 
location, and thus to a pattern of dots. To: 
avoid problems with PUT rectangles over- 
lapping. different’ numbers of - screen 
memory locations as itis moved about the | — 
screen we also Nave to restrict ourselves to "| 
placing the PUT rectangle. over whole 
screen memory. locations. This corres- | 
ponds to making sure that the toplefthand | 
corner of the rectangle is always at an X co- 
ordinate that is-exactly divisible by 8. The 
simplest way of ensuring that this condi- |: 
tion is met is to think of the high resolution 
screen as being divided ‘up into.16 linés of | ~ 
32° ‘characters’ in the same way that the | — 
text screenis. In this case however each of |} ~~ 
the ‘character locations” is an eight by }-  - 
eight grid of dots that can be the subject of + - 

a PUT command, A program to both define | 
a disk and ‘bounce’ it around the screen i ee 
given below: 


40. PMODE 4 
20. PCLSO 
80 SCREEN 1,1 
40. DIM At1;,B(1) 
50 V=VARPTRIA(O) 
60° POKE V,8H3C 
70. POKEV+1,&H7E 
80 POKE V+2,&HFF ean 
90 -POKE V-43,&HFF ceed 
POKE V-+4,&HFF Sees | 
POKE V+5,&HFF tego | 
POKE V+6,8&H7E 
POKE V+7,&H3C 
V=8 
Wes 
X=X4+V acne 
Y=Y+W Pos 
PUT (KY)AK47,Y+7),A =| 
iF X+=247 OR X° =0 THEN | 
V=-¥ 
IFY>=183.OR Y<=O THEN [> a 
210 Sh | 
220 
| 


PUT QO YHX+7,¥+-7),8 
GOTO 160 


Lines 50:to 130 define the dot pattern ofthe 
disk by storing the bit pattern'for each row}. > > 
into the memory locations reserved by the |. - 
array. By converting each hex number to} ~ 
binary you will see that each one defines | | 
the dot.pattern in a row of the disk (ie-0 [> 
gives a black dot and 1 gives.a white dot). 
The bit patterns are stored in successive: | — 
memory locations within the array: A, the | 
first jocation of which is found using the | 
VARPTR function. When Ais PUT ontothe | 
screen each of its:memory locations are | 
transferred to the screen in turn to:produce | 
the image. of the disk. Ifyou: want to’ see | 
why the PUT rectangle has to be place 
exactly over a block of eight screen loca 
tions change line 140 to “140: V=7' and 
watch the chaos that follows: } 
Even if you haven't followed all: of the | 
details of how GET and:PUT work you can 
still use the. above method of defini 
characters directly. It is very fast and pai 
ticularly. useful for converting programs 
from machines that do have user-defined | - 
graphics. in fact-this form of Dragon user- | — 
defined graphics looks remarkably like the | 
Prt used. oy the Spectrum... : 


_MEGACYCAL ROAD TRIAL | 


| Peter Luke took Megacycal’s A/D Converter CAL package for a road 
test and was impressed with the quality of the learning package. 


A few years ago the teaching of the 
principles behind the operation of digital 
devices often involved a combination of 
traditional text books with the breadboard- 
ing of practical circuits. This latter exercise 
was, quite rightly, thought to be essential if 
operation of logic ICs was to be fully under- 
stood. But the process of breadboarding a 
digital circuit, even a simple one, is time 
consuming and could be expensive if in the 
hands of the inexperienced student. 

The advent of Computer Aided Learning 
(CAL) packages for use with home micro- 
computers now offers an attractive alter- 
native to this traditional method of teach- 
ing. The Merseyside-based company, 
Magacycal (a pun that hertz?), have 
recently expanded their range of CAL soft- 
ware aimed at the student of digital elec- 
tronics. This review concentrates on one of 
the new additions to the range, the A to D 
package designed to teach the principles 
behind the operation of the most common 
types of analogue to digital converter. 

Analogue to digital converters form the 
interface between the digital environment 
of the computer and the analogue signals 
produced by most types of transducer. 
They are frequently found in control orien- 
tated computer systems but are often little 
understood by those that use them. 

The A to D package provides models of 
four types of converter; the tracking, suc- 
cessive approximation (SAR), dual slope 
and parallel (flash) types. The documenta- 
tion that accompanies the disk-based CAL 
software is an essential part of the teaching 
package rather than a mere user manual — 
even in the world of CAL the printed word is 
still important. 

The software uses the familiar shift/ 
break sequence of the BBC’s DFS and 
when the program is running the user will 
be presented with a menu that allows any 
of the four models to be selected. 

Before going any further, it should be 
pointed out that to get maximum benefit 
from the A to D package the user should be 
familiar with the nature of the function per- 
formed by converters and with binary logic 
codes. Also assumed is an understanding 
of the operation of digital counters. These 
topics are covered in two of the other 
courses in Magacycal’s range of software 
— Digital Devices and ConFunc (see list at 
end of this review). 

The course begins with an investigation 
of the operation of the ‘tracking analogue 
to digital converter’. Selecting this option 
from the main menu will prompt the user to 
select either a system based on voltage or 
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Change model 
Figure 1. Model of four bit tracking converter. 


current comparison. The former choice 
should be made first as it is easier to under- 
stand the mode of operation. The program 
also allows the number of bits used by the 
model to be selected. Assuming a four bit 
model based on voltage comparison is 
selected, the screen will display an output 
similar to that shown in Figure 1. As with all 
models in the series, the converter is 
shown as a block diagram of the major ele- 
ments that go to make up the device. The 
logic levels of various internal and external 
lines are indicated by the colour that any 
particular line displays, while the value of 
any quantitive parameter is displayed as a 
signed number. 


The Manual 


The teaching manual begins with a 
description of the four component blocks 
that go to make up the converter. As a 


comparator is an important part of most: 


types of converter, this block is explained 
in some detail. The operation of this type of 
converter depends on the loop formed, the 
DAC (Digital to Analogue Converter), the 
op-amp and the binary up/down counter. 
Modelling of a typical conversion is insti- 
gated by simulating the application of a 
stream of pulses to the counter. This is 
achieved by selecting the appropriate 
choice from a menu displayed at the left 
hand corner of the screen. As with all mod- 
els, selection of the mode of operation is 
achieved with the use of just three keys: 
the cursor shift left, cursor shift right keys 
and the return key. To apply clock pulses 
the cursor is first positioned over the C 
option and the return key pressed. The 
pulses will cause the counter to count up 
and thus to increase the current produced 
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Figure 2. Tracking converter (current based con- 
version). 
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Figure 3. SAR converter with clock waveform 
displays. 


Figure 4. Model of a dual slope converter. 
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at the output of the DAC that is driven from 
the four lines of the counter. The current 
output is converted to a voltage in the op- 
amp and this voltage is then fed to the 
inverting (-) input of the comparator. At 
some stage the value of this voltage will be 
equal to the external voltage applied to the 
+ input of the converter and will at the next 
pulse exceed that of the applied voltage. At 
this point the output of the converter will 
change and the counter will be put into the 
‘down’ mode. In this way the output of the 
Ato D converter will track the input voltage 
and with a steady input the LSB of the 
devices output will oscillate. 

The level of the input voltage can be 
changed by selecting the 1 option from the 
menu and using the shift left and right keys 
to alter its value. Hitting return will enter the 
new voltage value. 

The model allows bipolar operation to be 
modelled. In this mode of operation, the 
binary value produced by the counter indi- 
cates the magnitude of the applied volt- 
age. This is achieved by applying a nega- 
tive offset voltage to the DAC, the model 
allows this to be simulated by closing the 
switch (choose S option from menu). 

Having covered the basic operation of 
the comparator the manual takes the 
reader through a detailed mathematical 
analysis of the device. Although it is not 

necessary to work through this section to 
understand the operation of the converter, 
study of this section should be beneficial to 
most users. 

The first section dealing with the tracking 
regulator concludes with a study of a 
device based on current rather than volt- 
age comparison. The block diagram of this 
configuration is shown in Figure 2 and ata 
first glance it can be seen that this config- 
uration dispenses with the services of the 
op-amp. In other respects this configura- 
tion operates in much the same way as the 
voltage based option. 

In the last part of this section the 
relationship between the frequency of the 
clock signal and the time taken to convert 
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the analogue input voltages into their cor- 
responding digital codes is explained. The 
maximum rate at which the output of the 
converter can change (the loop slew rate) is 
shown to be a function of the full scale volt- 
age of the comparator and the frequency 
of the clock pulse. 

The second section of the manual deals 
with the principles behind the operation of 
the successive approximation type of con- 
verter. After selecting this from the main 
menu, the user is once again presented 
with a number of options concerning the 
configuration of the device. Assuming the 
suggested voltage (based), four bit 
choices are followed, the screen will dis- 
play the blocks as shown in Figure 3. 

Operation of this type of converter has 
much in common with the tracking conver- 
ter; the major difference is that the up/ 
down counter is replaced by a successive 
approximation register (SAR). Once again 
the teaching manual provides a_ full 
description of the converter’s operation 
and allows a typical conversion cycle to be 
modelled by simulating the application of 
clock pulses to the SAR. 

The duai slope converter is introduced in 
section three of the course. This class of A 
to D device operates in a very different 
fashion to the previous two. The central 
block is an integrator. The device functions 
by switching the voltage to be converted to 
the input of the integrator for a specific 
number of clock periods. This causes the 
output of the integrator to ramp up to a 
voltage level. The voltage input under con- 
version is then removed from the input of 
the integrator and replaced by a reference 
voltage of the opposite polarity. This 
causes the integrator to ramp down back 

to zero volts. The number of clock cycles 
taken for the output of the integrator to 
reach zero will be proportional to the mag- 
nitude of the input voltage. 

Once again the CAL software allows all 
aspects of the operation of this type of 
converter to be studied; a typical screen 
display is shown in Figure 4. 


In addition to the mathematical analysis 
of the operation of the dual slope device 
the manual explains why this device is able 
to offer a high degree of noise rejection: 
that is, the conversion takes place over a 
period of time allowing any noise signals to 
be averaged out of the final output. 

The final section describes the operation 
of the flash type converter. This device 
offers an extremely high speed of conver- 
sion because the large number of com- 
parator’s. This type of converter can per- 
form the conversion as a parallel process. 
The high cost of flash converters means 
that it is unlikely that many people will want 
to risk such an IC in an experimental 
environment. So simulation provides a 
valuable opportunity to study its operation. 

At the start of this review a number of the 
advantages of using CAL packages were 
explained. The saving in time over tradi- 
tional breadboarding of experiments and 
the saving in replacement costs when the 
inevitable accidents cause damage to 
devices are just two of these. The 
Megacycal software offers benefits in 
addition to this because it allows students 
to study the internal operation of conver- 
ters, something that would be very hard to 
provide with a hardware set up. 

When combined with the well written 
and authoritive manual the clear, on screen 
schematics make the magacycal package 
an excellent way to get to grips with the 
principles of A to D. 


Other MegaCycal 
packages include: 


Digital Devices 

Confunc 

DtoA 

and D-Logic 

MegaCycal, PO Box 6, Birkenhead, Mer- 
seyside L43 6XH. 
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INTEGRATED 
| WORDPROCESSOR 


To ils the deaies of the rubber-keyboard Spectrum 
Richard Sargent presents a hardware add-on that turns 


Sinclair’s baby computer into a semi-pro wordprocessor. The 
series begins next month — this is his brief: 


Ask agroup of people what makes a 
good wordprocessor and you're 
likely to get as many answers as 
there are people in the group. 
Here's a selection of possible 
criteria: 


1) Agood keyboard. 

2) Large capacity memory for long 
documents. 

3) Help messages. 

4) The ability to accept fast type 
speeds. 

5) A“What you see is what you get” 
screen. 

6) A mouse or trackball for speedy 
cursor control. 

7) Good printer support. 

8) Good mass storage support. 


Let's look at the list more closely, 
bearing in mind the hardware of the 
Spectrum, and what use its 
wordprocessor might be put to. 

1) The Spectrum now has a 
tolerable keyboard: rumour has it 
that some people actually like it. 
The whole point about keyboards is 
that the performance is subjective. | 
liked the old rubber keys of 
Spectrum Minus, but the fact that 
the full stop and one or two other 
critical keys needed to be pressed 
with the shift ruled it out as a decent 
wordprocessor. If you are shopping 
around for an add-on keyboard, 
bear in mind that the provision of 
the full-stop on its very own key is 
no guarantee that It doesn’t have to 
be shifted. 

2) Memory size is important. 
Spectrum user memory starts at. 
5B00,, (approx), higher If you have 
Interface One/Microdrives fitted, 
and higher still if you have 
Wafadrives fitted. In the worst case;” 
your wordprocessor could start at: 
63C0,, and finish 4K later at 73C0\. = 
16K Spectrum users willbe - 
distressed about this, since their. *: 
memory ends at 7FFF, and they'l: 
only be able to write very short. , 


letters on such a wordprocessor. Ih : 


general though, a 4K or 8K 
wordprocessor will leave a 48K | 
Spectrum with at least 30K of RAM; 
and that’s enough for 4000 or so 
words of text. 

3) Heip messages make deep 
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inroads into free memory space by 
increasing the size of the 
wordprocessor, To prevent this, the 
screenfuls of helpful text are often 


- put on disk (where effectively they 


waste rio space) and down-loaded 
inthe computer when they’re 
needed. Another form of help 
message is called the user 
-Wandbook, and this takes up no 


; _-Memory space ‘whatsoever! You 


A 


4) Fast typists can outpace the 
Spectrum. The reason for this lies 
in the fact that the computer has 
a “bit-mapped” screen, and for 
every letter that is typed (ina 
wordprocessor application), 62445 
bytes of screen memory have to be 
loaded with fresh values. There are 
three ways round this problem. The 
first is to provide a keyboard buffer, 
whereby key-presses are collected 
as a matter of priority, and the 
screen refresh is done when the 
pace of typing slows down. The 
second is to use a smaller screen, 
for example 12 lines by 32 
characters, which takes less time to 
refresh. The third and by far the 


_. simplest option is to ignore the 


-problem on the grounds that 90% 


ae epee users are not 
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professionally-trained touch- 
typists! 

5) “What you see is what you get” 
is the phrase coined to denote that 
the screen view of the document is 
the same as the version which will 
emerge from the printer, and it’s a 
feature which is only really possible 
on computers which can deliver an 
80 character line to a VDU. The 64 
characters-per-line software 
modification to the Spectrum goes 
some way to producing the “what 
you see” effect, but it isn’t very 
readable. The method | prefer is to 
type the text in 32-character mode, 
and to switch to 64-characters for 
previewing purposes, which is how 
Computer Concept’s BBC 
Wordwise operates. 

6) Cursor control can be tiresome 
on some wordprocessors, 
particularly if you need to zip all over 
the document correcting the odd 
character here and there. Taking 
the cursor directly to the chosen 
point with a mouse, or a trackball 
(which is really an inverted mouse), 
or a joystick speeds things up no 
end, and the extra hardware is a 
useful facility to have in its own 
right. So the first piece of hardware 
for the E&CM Spectrum 
wordprocessor is an analogue 
joystick and the IC to go with it. 

7) A proper wordprocessor ought 
to communicate with a proper 
printer. Enter hardware item 
number two, since the Spectrum 
has no Centronics printer port of its 
own. The software must be capable 
of driving the printer, allowing 
italics, emphasised and double- 
width print and so on, Double- 
height characters for Epson-owners 
is a nice bonus to include, but it all 
takes up space in the 
wordprocessor . . . 

8) Mass storage for the Spectrum 
now includes tape, Microdrive, 
Wafadrives, and floppy disk, and 
they all have their different LOAD 
and SAVE syntax. Because of the 
diversity of storage media, the 
section of the wordprocessor 
dealing with LOADs and SAVEs is 
written in BASIC so that it can be 
changed to suit individual 
requirements, 

The specification of the hardware 
wordprocessor should now be 
taking shape. The minimum 
configuration consists of printer 
interface and analogue to digital 
converter, with some small 
demonstration routines residing in. 
RAM. The next stage is to add a 4K 
ROM containing the main 
wordprocessor (two more ICs), with 
an option on an 8K ROM for a 
processor with extended facilities. 
4K and 8K ROMs are pin for pin 
compatible, and can be 
interchanged provided a 28 pin 
socket is fitted on the board. The 
overall system as described above 
will be housed in a case which will 
also hold the joystick and four extra 
switches. 


To be continued. . 


Econet is an expensive way of networking BBC micros. Paul 
Beverley described a low-cost alternative last month. Now he 
explains how to send messages from satellite computers to the 
master, and links up two | BBC micros to communicate text. 


Having found out how to use the BBC 
micro’s RS423 interface to make an ultra 
cheap network system in which programs 
were broadcast from a master computer 
with disk drives, now is the time to reverse 
the process and send programs back from 
the satellite computers to the masters. 

It is also possible to link up just two BBC 
micros to send messages from one to the 
other: this article will show how this can be 
done, and looks at a few possible applica- 
tions such as dual computer games. 


Sending programs back 


Sending programs out from the master to 
the satellite computers is simplicity itself, 
but it isn’t so easy to send programs back 
from the individual computers to the mas- 
} ter for storage on disk. The problem is that, 
whereas you can have one RS423 output 
connected to a number of inputs, it’s not 
possible to connect up more than one out- 
put. Each would try to assert a logic level 
on the data line, and, if they were at 
different levels, at least one of the ICs 
would blow. 

There are two different solutions to this 
dilemma, and you can choose which is the 
most appropriate to your situation. 

The first and simplest solution is to use a 
multi-way switch on the input to the master 
computer so that it can select which of the 
outputs from the other computers is actu- 
ally connected to its input (see Figure 1). 
The disadvantage of this system is the 
amount of wiring needed. Although you 
only need a single cable apart from the 
earth cable to broadcast data from the 
master, you need one separate wire from 
each of the satellite computers going back 
to the master. 


Figure 2. Selecting the outputs of sever RS423 interfaces res the input of the master computer. 


The second solution is to provide a 
single common line for carrying the data 
back to the master. Then you allow the 
individual computer users to connect their 
own output onto that data line when they 
need to send data back. The idea, as 
shown in Figure 2, is to provide a line 
which links all the satellite computers 
together and provides a warning facility. 

Each computer has a double pole switch 
so that if the user connects his output to 
the data input line, it will also connect this 
common line to the earth line. The effect of 
this is to cause the LEDs on all the other 
computers to light up. This is because all 
their data outputs which, when unused 
give 5 volts output, will provide current to 
switch their LEDs on. It is not impossible 
for two separate computers to connect up 
to the common data line at the same time, 
but at least they are given a warning by the 
fact that their LED is on. You must judge for 
youre which of the two ane is more 


Figure 1. Acommon line to link all satellite computers and provide a warning system. 


appropriate. Either you can spend more 
time and money laying plenty of cable and 
have a fool-proof system, or you can use 
the cheap and other simple solution which 
relies on a degree of intelligence in the 
user, 


Simple RS423 text 
communication 


Turning now from sending programs to 
sending text, how can two computers be 
linked together to send messages back 
and forth? You can start off by making up a 
simple cable linking the two RS423 con- 
nectors. This is shown in Figure 3a. All that 
is needed is two five-way “domino” type 
DIN connectors and a piece of any three 
wire cable. It doesn’t matter what type is 
used. If the computers are going to be 
some distance apart, the cables can easily 
be long enough to reach right from one end 
of a house to the other — even the biggest 
house. If you happen to have two-core 
screened cable, that will do, since the 
screen can be used as the ground (0 volts) 
connection, but it is not really necessary for 
the cable to be screened. The cheapest, 
thinnest three-core mains cable will be 
good enough, but in fact the cheapest way 
to do it is to buy twin-core speaker flex 
which is less than half the cost per metre of 
mains cable — although you have to use 
two runs it still works out cheaper. One pair 
for ground plus data transfer is used in one 
direction and the other for ground again 
plus data transfer is used in the other direc- 
tion, as shown in Figure 3b. 

| have tried. using twin-core speaker flex 
over a distance of 25 metres and there 
were no errors in the data. Indeed the offi- 


cial RS423 specification says that at data 
rates of under 1,000 baud it is possible to 
transmit at distances of up to a kilometre, 
but even this is reckoned to be a conserva- 
tive estimate and that, at low data rates, 
distances of several kilometres are possi- 
ble. It does of course depend to some 
extent on the type of cable used, but if you 
use extremely long cables and find errors 
creeping in, just slow down the data trans- 
fer rate to reduce the likelihood of error. 

The other electrical connection that has 
to be made is within the plug itself. The 
RTS (ready to send) output has to be 
looped back onto the CTS (clear to send) 
input. What this does is to assert perma- 
nently that it is “clear to send”. Without this 
connection the first few characters that 
you tried to send would be stored in the 
output buffer. The program would then halt 
and the shift-lock and caps-lock lights 
would both be switched on. The third 
method of connection, Figure 3c, uses the 
RST and CTS lines for “handshaking” 
which was explained last month. The RTS 
line of one computer is connected to the 
CTS of the other and vice versa. This is 
useful when data is likely to come so fast 
that the receiving computer cannot deal 
with it quickly enough. 


The software 


Once the two computers are connected up 
with an RS423 cable, the program shown 
in Listing 1 can be used. It allows either of 
the users to enter messages on his 
keyboard and these will immediately be 
sent down to the other computer where 
they will be displayed. If you are slow at 
typing and want to have standard words or 
messages available, the function keys can 
be used to generate ASCII codes greater 
than 127 and thus to produce messages. 
For example: 
145 IFD%=128 D%=0: PRINT 
“Hello there!” 
Ifthe shift key is held down and f0 pressed, 


LISTING 1 


Figure 3. Three ways of making a connecting 
cable to link two computers via the RS423 serial 
interface: (a) using a 3 core mians cable; (b) 
using two twin core cables; (c) using a 5 core (or 
4 core plus ground) to add the handshaking 
facility in order to run at high speeds. The view 
shown is looking into the back of each of the 
plugs; the groove being on the left hand side, 
and the square chopped out slot (if your plug has 
one) at the top. 


the message will be sent. You have to set 
D%=0 so that the message, but not the 
128 code, is sent. If you would prefer to use 
the function keys without having to press 
the shift key, adding *FX225,128 as line 
305 will make f0 produce ASCIl code 128, 
f1 will produce 129 and so on. To use the 
copy and cursor keys in the same way put 
a *FX4,1 command at line 306. The copy 
and cursor keys will give them ASCII 
codes 135 to 139. However, it is worth 
remembering that if you do not do this, the 
cursor and copy keys can be used in this 
program to pick up some words off the 


PROJECT 


screen and send them. For example, if your 
communicant has a word you don’t under- 
stand you can type in “What does”, move 
the cursor up and copy the word, and then 
type in, “mean?”, to finish off your ques- 
tion. 

You can also send control codes. If you 
think he's gone to sleep send him a ctrl-G, 
(hold the control key down and press G). 
This makes his (and your) computer give a 
bleep. If the screen looks a mess and you 
want to wipe it clean, use ctrl-L. Provided 
you are in the same mode then your screen 
will always be an exact replica of your 
partners. 

Using contro! with H, |, J and K will move 
the cursor around the screen so that you 
can write in a different place and even rub 
out a word with the delete key or by over- 
typing with spaces. If you really want to, 
the mode can be changed by ctrl-V fol- 
lowed by a number, but this is not to be 
advised as it does not inform BASIC of the 
new value of HIMEN — the highest memory 
location it can use without going into the 
screen memory. This means that if a new 
mode uses more memory for the screen 
display than the current mode, BASIC will 
be using part of the screen memory for its 
variable storage (the “BASIC stack”) and 
twinkling lights will appear on the screen. If 
these are over-written the program will 
probably crash. 


A more sophisticated 
program 


Using *KEY command to program the 
function keys with your own commonly 
used words and phrases does not work 
with this simple program, because it goes 
backwards and forwards between PROC- 
send and PROCreceive using the INKEY 
function to pick up a single character at a 
time for sending and receiving. If you try to 
use the function keys with this program 
every other character will be lost as the soft 
key definition is expanded. 


PROJECT 


For more serious applications the ability 
to prepare text on a disk file ready for send- 
ing down to the other computer would be 
useful. Unfortunately this won’t work with 
the simple program either. If you try it, you 
will get the same effect as with the function 
keys, that is, it will only transmit every other 
character. 

The other disadvantage of the first pro- 
gram is that both communicants can add 
and delete characters at the same time. At 
first this is fun as you discover that if you 
are quick you can delete and correct the 
spelling of the word that the other person 
has just entered! However, this can soon 
degenerate into a war to see who can 
delete what the other person has written 
faster than he can write it! (To win the war, 
use “FX12,1 before you start. This speeds 
up the auto-repeat on your keyboard!) 

To overcome such problems the second 
program (Listing 2) was written. This allows 
only one person to talk at a time and the 
sender hands over to the receiver by pres- 
sing the “)” key (next to the return key}. The 
display shows the text being sent enclosed 
in these square brackets and the text being 
received is displayed in curly brackets. 
When you first run the program it senses 
whether the other computer is sending and 
if so, goes into the receive mode. This is 
indicated to the user by a curly bracket 
appearing at the top left hand corner of the 
screen. Otherwise it sends out characters 
until it gets a reply showing that the other 
computer is listening. Then it goes into the 
send mode and an open’square bracket 
appears on the screen to prompt you to 
start sending. 

This program allows you to add lines into 
the initialisation procedure such as: 


401 “KEY 0 Hello there!:M 
402 “KEY 1 This is Fred speaking.:M 
403 ‘KEY 2 Please could you 
404 *KEY 3 Thank you for 
etc. 
Messages can be stored as text files on 


LISTING 2. 


4@ PROCinitialise 


’ i 
140 PRINTYL yo 
1S HFXS, SD 

148 REPEAT. 

(£708 DK=GET.*- 


180° IF. DL=9S miss: 

19@, VDU DA 

208°. IF Deeis vouIa, 1, 23 
2 REE. UNTIL DAES © 
P2208 FEXS,@ 

238 PRINT 


gaa JENDPROC é 
= 25@. Las 
260 DEF PROGrecei ve 


-1@ REM RS423 Two Way. siuesaid tabaeniv 
2@ REM (0) Norwich Computer Services 
Si MODES | 9, REM: de NEDE: G FGr ia TH es 


disk or tape and, for example: 


175 IF D%=128 D%=0: “EXEC 
MESSAGE 


Thus when shift-f0 is pressed, the text file 
called “MESSAGE” will be taken from the 
disk or tape and sent down to the other 
computer automatically. The text files can 
be prepared using a wordprocessor like 
Wordwise or, if you have a disk system, by 
using the “BUILD command. The only thing 
to watch here is that you do not make the 
files too long, otherwise, because of the 
speed at which they are being sent, the 
receiving computer may not be able to 
cope and may lose some of the data. If you 
don’t want to send longer files and have 
problems with lost characters then you can 
slow down the transmission speed (and 
the receiving speed at the other end!) Don’t 
forget that the person you are talking to has 
to have time to read the message, so you 
can’t send too quickly. 

Having said that, it is in fact possible to 
store the received text as it arrives by 
adding: 


176 IFD%=129D%=0: "SPOOL 
RECtext 
177 IFD%=130 D%=0: *SPOOL 


Thus, once shift-f1 is pressed all the text 
subsequently appearing on the screen, 
both received and sent, would be stored 
on tape of disk with the file name “RE- 
Ctext”. To stop the storage of text and 
revert to normal operation, simply press 
shift-f2 and the file will be closed. If the text 
is being sent from a disc machine and 
receiving it on a cassette machine make 
sure that the sending speed is slow enough 
not to produce a “log jam” in the receiving 
computer which would result in loss of 
characters. 

If the RS423 sending speed is slowed 
down with say *FX8,3 or *FX8,2 and the 
receiving speed of the other computer 
similarly with *FX7,3 or *FX7,2, then the 
characters will be sent so slowly that the 


41@-0N ERROR: 
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eS oe byeas menos re ree 
IF DRS >426 VDUDE” 
B30 UNTIL Demian 


98e DEF pROGInitialsse +1 
ROGER rors END 
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receiving computer’s input buffer never | 
gets a chance to fill up. What happens } 
instead is that the sending computer’s out- | 
put buffer fills up and no more characterrs } 
are read from the disk until the buffer is par- | 
tially cleared. | 

To send information at higher speeds | 
then use the handshake lines, which 
requires two more lines to be run between 
the two computers, as shown in Figure 3c. 
When the receiving computer has received 
so much data that its input buffer is full, it 
uses its RTS output tine to tell the other 
computer that it is busy. This makes the 
sending computer wait until the signal on |) 
its CTS input line clears. 


4 
H 
| 


e LJ 

Applications 

The applications of such a link up are 
mostly on the fun side, but sending text 
files can have a very practical application. 
It would be possible to write all sorts of 
dual computer games — board games like 
chess or draughts, adventure games 
where the two of you could venture forth |} 
exploring different areas and assisting || 
each other in your quest by sending helpful 
(or otherwise!) messages back and forth. 
Perhaps the most obvious game for two 
computers is battleships; there have 
already been a couple of listings pub- 
lished in computer magazines. One way of 
bombing your opponent’s target which 
adds a touch of drama is to use a very slow 
transmitting speed and move his cursor 
first across the screen and then down, 
using VDU 9’s and VDU 10's so that he can 
see the bomb approaching his ships! 

Next Month: Extending the idea of text 
communication to allow it to take place 
over a Standard intercom system or, for the 
radio hams among you, as a radio signal. 
The technique used needs absolutely no 
extra hardware — no modulator, no demod- 
ulator — the computer does it all! 
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A POCKET GUIDE TO 


PORTABLES 


The lap-held portable micro has been stealthily 
creeping down in price. For communicating and editing 
text some portables beat the home micro hands down. 
William Owen takes a look at the technology that made 

it all possible. 


The computing power contained within a 
modern lapheld computer would have fil- 
led a small room fifteen years ago. Using a 
number of new, sometimes expensive 
technologies, all of the functions of a busi- 
ness computer have been squeezed into a 
box the size of an A4 ring binder. 

To be truly portable, a computer must be 
battery powered, and therefore low pow- 
ered. The unit must include a screen, a 
keyboard, a means of mass memory stor- 
age, and if possible a printer. Communica- 
tions facilities are another important 
requirement in the computer on the move. 

Home computer users will know that 
their computers may look as if they are 
portable, but meet few if any of the specifi- 
cations listed above. Most units are mains 
powered, require CRT monitors, have no 
integral printer, and have no integral mass 
storage facilities (Amstrad and QL 
excepted). ; 

But there is a new family of machines 
which are truly portable — they at least have 
screen, keyboard and mass storage unit. 
The lapheld portables use liquid crystal 
display, CMOS, thermal printing, and long- 
life battery technology. It should be noted 
that at the lower end of the range prices are 
less than those of some home computers 
on the market (the NEC 8201A costs only 
£300). At the top of the market prices go up 
to £3000 for 16-bit IBM PC emulators with 
dual internal disc drivesand25 linedisplays: 
the technology is such that even this 
quantity of kit will fit into a small 10lb box. 

You can probably imagine the problems 
faced by the designer of a portable com- 
puter. Firstly, cathode ray tubes are bulky 
and eat up a lot of power — an alternative is 
needed. Secondly, how do you power a 
processor and its memory from a battery? 
Thirdly, what form of mass memory stor- 
age can be fitted into a volume of no more 
than about 14 cubic inches? 

Each problem is related to both power 
and size. The answer to number one is a 
liquid crystal display (LCD). LCDs are 
lighter and consume much less power than 
a CRT, but have much lower visibility anda 
narrow viewing angle; they also take longer 
to update. Inevitably an LCD is a com- 


promise solution but the technology has 
improved lately. 

The original LCDs found in calculators 
and watches were of low resolution, slow, 
and couldn’t stand up to the demands of 
complex screen addressing. The “twisted 
nematic” LCDs require the liquid crystal 
cell to be placed between polarising sheets 
for the optical change to be observable. 
This gives an inherently dull appearance 
and a restricted viewing angle. One answer 
to the problem is the use of “dye-phase- 
change” displays, which do not require the 
use of polarising sheets but instead make 
use of special dyes which are displayed in 
the liquid crystal. The end result is ascreen 
with a wide viewing angle, improved visibil- 
ity, and a higher contrast between the 
background and the trace over a wide 
variety of lighting conditions. 

Despite other improvements, such as 
the provision of adjustable angle screens, 
anyone who has used a portable with liquid 
crystal display will know that the state-of- 
the-art is inadequate. This article was 
typed out on a Sharp PC5000 — it has a 
relatively good screen but | still had to 
shine a light onto the display to see the 
characters. The ultimate answer to the 
problem will be the electro-luminescent 
display, such as that used on the GRID 
super-portable. Electro-luminescence 
gives a picture as good as that on a CRT 
but doesn’t consume much more power 
than an LCD. The current drawback, as 
with all very new technologies, is that it is 


require power supplies of +5V or +12V 
and —12V. CMOS (Complementary Metal 
Oxide Semiconductor) chips require much 
lower power levels and compare well with 
conventional chips in terms of speed. One 
drawback is that they are expensive, 
another is that they are delicate and prone 
to damage by static discharge. 

CMOS memory chips will retain their 
contents with a supply voltage as low as 
3V, while drawing a current of only a few 
nanoamperes (a few billionths of an amp). 
CMOS is therefore one answer to the prob- 
lem of portable mass storage: CMOS RAM 
chips can be used as battery-backed, non- 
volatile solid RAM disks. Solid RAM acts, 
as far as the user is concerned, in the same 
way as a floppy disk drive (except that 
RAM is faster). The RAM disk is continually 
refreshed by tiny lithium cells or trickle- 
charged Nickel Cadmium batteries. 

The RAM disk is usually fixed internally 
and used for temporary storage. However 
some newer machines already use plug-in 
battery-backed RAM cartridges which, 


unlike ROM cartridges, can be both read - 


and written to for permanent storage of 
data. The NEC-8201A portable can be 
expanded to 64K internally, and then to 
96K through the use of a 32K cartridge 
containing CMOS RAM backed up by a 
lithium cell. 


Three other mass storage mediums are | 


suitable for use in portable computers, 
each with a different weight/speed/price 
ratio. Bubble memory is small and fast but 
very expensive — a 128K bubble memory 
cartridge for the Sharp PC5000 is priced at 
£169 (see ‘All about bubbles’ E&CM 
October 1984). The cheapest solution is 
the integral microcassette recorder, 
chosen by Epson in the HX-20, the first 
truly portable micro, and by Sord for their 
IS-11. Users of microcassettes claim that 
they are reliable and cheap, if a little slow. 

The Sony Corporation widened the 
options when it develsoped the 3.5” disk 
drive. One lapheld portable, the Data Gen- 
eral One, can swallow up two Sony disk 
drives in its A4 size 12Ib frame. The mini- 
floppy requires less care and maintenance 
than the 5.25” version; it is faster than a 
microcassette, slower and heavier than 
bubble memory; it is however areasonably 
priced compromise. 

There are many solutions to the portabil- 
ity problem and different manufacturers 
have taken a different path. Most of the 


“Home micros have hidden costs — for the screen and 
mass storage. A portable is an all in one system. . .” 


prohibitively expensive for all but specialist 
applications. 

The solution found to problem number 
two — powering the chips — is the CMOS 
low power integrated circuit, which not 
only consumes less power, but is also fas- 
ter than the conventional NMOS chips 
found in most desk-bound computers. 

NMOS (Negative Metal Oxide Semicon- 
ductor) processors and memory chips 


machines available are listed in the table, 
and it can be seen immediately that there 
are variations in weight, screen size, 
memory storage, computing power (eight 
or sixteen bit), interfaces, accessories, and 
of course software. 

Usually the more features a portable has 
the heavier it is, and this is a point worth 
bearing in mind. There is a big difference 


between carrying around a lightweight 4lb 
bbaed tT ioStSetree 
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box and a deadweight 12Ib micro in a suit- 
case. Most users will want a screen of 80 
characters width, particularly if wordpro- 
cessing is to be a frequent application. 
Depth of screen is less important but seven 
or eight lines should be considered a prac- 
| tical minimum. 

Also, does the manufacturer provide 
suitable peripherals, in particular, a porta- 
ble battery-powered printer (essential if 
| you can’t wait to get home for the hard 
copy) and a modem for communicating 
' with your base (or database). 

Most portables include bundled soft- 
ware, often in ROM form, and run either 
CP/M or MS-DOS. However one group of 


portables, the Tandy, NEC, and Olivetti are 
based on a non-standard operating 
system. These machines are of similar 
design and among the least expensive on 


“,.. but home micros are 
still a better buy in terms 
of performance”. 


the market, ranging in price from £300 to 
£500. If you just want a cheap portable 
computer one of them may be the perfect 
choice for you, but not if you have another 


NEC-8201A 


| PROCESSOR 8085 COMPATIBLE CMOS 80085 


ROM 32K TO 64K 

RAM 16K TO 64K PLUS 32K PLUG-IN RAM 
DISK CARTRIDGES (OPTIONAL) 

MASS STORAGE TAPE CASSETTE (OPTIONAL) 

DOS PROPRIETARY 

DISPLAY 40x 8 CHARACTERLCD, 240 x 64 
RES 

KEYBOARD 67 KEY, FULL TRAVEL, FIVE 
PROGRAMMABLE FUNCTION KEYS 

| DIMENSIONS 295 x 205 x 50mm 

WEIGHT Sibs 40z 

118) CENTRONICS, RS232, CASSETTE, 
BAR CODE READER, 8-PIN AND 
9-PIN PHONO SOCKETS 

PERIPHERALS TAPE RECORDER, PRINTER 


BASICSYSTEMPRICE £300 

NEC BUSINESS SYSTEMS 01 267 7000 

One of three variants built by the Kyocera Corporation 
of Japan (the other two are the Olivetti and Tandy 
machines). The 8201A is distinguished by a bigger 
memory and lower price, and by the fact that it can 
accommodate self-powered RAM cartridges. It is a 
simple machine incorporating text editor, operating 
system, Microsoft Basic and communications pro- 
grams which enables the user to configure RS232 port 
for the printer, modem, or another computer. Other 
applications available include mathematical, financial, 
wordprocessing and communications software, and of 
course games. Thoroughly recommended for note-tak- 
ing and basic wordprocessing - the 8201A is much 
used by journalists. 
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you might want to talk to. With WordStar 
on your desk top micro you will want it on 
your portable too. 

The final choice is between 8-bit and 16- 
bit computers. As a rule the 16-bit 
machines are priced at £2000 plus. When 
you consider that the 32/8 bit QL is priced 
at £400 (not including monitor) home com- 
puters are still a better buy in terms of 
speed and performance, unless you're 
after true portability. The one exception to 
this rule must be the NEC-8201A, at £300. 
If other manufacturers follow suit anyone 
who wants a cheap computer for business 
purposes rather than games may be well 


computer running CP/M or MS-DOS which | advised to buy a portable. 
é wt 
TANDY 100 < - 7 * 7 | 
PROCESSOR 80C85 = 
ROM 32K 3 
RAM 8T0 24K | 
MASS STORAGE OPTIONAL TAPE CASSETTE a= ——————— 
DOS PROPRIETARY ee Se 
DISPLAY 40x8LCD parece F 
KEYBOARD 72 FULL TRAVEL KEYS INC. 8 soils 
FUNCTION KEYS 
DIMENSIONS 295 x 205 x 50mm 
WEIGHT 3ibs 40z se? 
VO CASSETTE INTERFACE, BUILT-IN | 2 AD id | 
DIRECT CONNECT MODEM, RS232, 
PARALLEL PRINTERPORT, SORD IS-11 
REAL-TIME CLOCK/CALENDAR, PROCESSOR 780 COMPATIBLE CMOS 
BAR-CODE READER INTERFACE, ROM 64K INC. SORDOS, TEXT EDITOR, 
PIEZOELECTRIC TONE GENERATOR SPREADSHEET, DATABASE, COMMS. 
PERIPHERALS CONNECTORS FOR PRINTER, RAM 32K TO 64K | 
PHONE, CASSETTE, ACOUSTIC MASS STORAGE INTEGRAL 120K MICROCASSETTE 
ADAPTOR FOR MODEM DOS NON-STANDARD ORCP/M WITH 
BASIC SYSTEMPRICE £449(8K) £649 (24K) OPTIONAL 3.51N. DISK DRIVES 
DISPLAY 40 x 8CHARACTERLCD, 64 x 256 RES 
TANDY CORPORATION AVAILABLE ALLTANDY STORES KEYBOARD anand SIX 
Looks and acts very much like the NEC-8201A but can DIMENSIONS 300x215 x 48mm 
be expanded to only 32K RAM (from basic 8K). It has a WEIGHT 4.4lbs 
parallel printer interface as well as RS232, andareal- jo ROM CARTRIDGE SLOT, 
time clock. The bundled software is similar to that avail- CENTRONICS, RS232C, PARALLEL 
able for the NEC model, with TEXT wordprocessor, EXPANSION PORT, BAR CODE 
SCHEDULE record/appointment/address handler and READER, NUMERIC KEYPAD PORT 
TELECOM communications software. New software PERIPHERALS PRINTER, NUMERIC KEYPAD, 


includes Scripsit, a fully featured wordprocessor; 
Expense/Graph Plus (for financial reports and graphics) 
and Data/Sort Plus, a database manager. 


<4 The NEC 8201A 
portable computer 
with optional 
acoustic coupler, 
printer, and tape 
recorder. All 
fit into a 
suitcase. 
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MODEM, CAR BATTERY ADAPTOR, 
3.51N. DISK DRIVE, VIDEO 
INTERFACE 
BASIC SYSTEMPRICE £896 
SOCIOUS COMPUTER SYSTEMS 01 631 0787 
This machine, although it is slightly more expensive, is 
probably best compared with the Epson PX-8. The 
major similarity is that it includes an integral microcas- 
sette drive. Like the Epson, the Sord is built around a 
CMOS Z80, in this case running at 3.4MHz. Limited 
software is available but the Sord does come with Pips, 
a powerful spreadsheet/record handling package, and 
once the promised Sony 3.5" disc drive and interface is 
available Sord users will have access to CP/M and allits 
attendant software. 


OLIVETTI M-10 


PROCESSOR 8085 COMPATIBLE CMOS 80085 
ROM 
PROCESSOR; ADDRESS LIST, 
COMMUNICATIONS 
RAM 8KTO32K BATTERY BACKED 
MASS STORAGE OPTIONAL TAPE CASSETTE 
DOS PROPRIETARY 
DISPLAY 40x8LCD,240x 6ORES 
KEYBOARD 57 KEY, FULL TRAVEL, 8 
PROGRAMMABLE KEYS 
DIMENSIONS 300x210x50mm 
WEIGHT 4lbs 
VO« PARALLEL, RS232C SERIAL, TAPE 
CASSETTE, BAR CODE READER 
PERIPHERALS ACOUSTIC COUPLER, PRINTER, 
TAPE RECORDER 


BASICSYSTEMPRICE £370 

BRITISH OLIVETTI 01 785 6666 

Again based on the Kyocera design. Similar price and 
specification to that of the Tandy 100 and there is very 
little to choose between the two machines, The only 
visible difference is the M-10’s adjustable angle LCD. 
The standard ROM contains much the same software. 
A battery-powered acoustic coupler and printer are 
available. Vv 


A 

EPSON PX-8 

PROCESSOR Z80 COMPATIBLE CMOS Z84, 
SLAVE 6301, SUB 750B 

ROM 32K WITH CP/M (FOR Z80) AND 4K 
(FOR6301} 

RAM 64K (FOR 280) AND 128 BYTES PLUS 
4K VIDEO RAM (FOR 6301) 

MASS STORAGE RAM DISK, BUILT-IN 
MICROCASSETTE DRIVE, EXTERNAL 
FLOPPY DISK DRIVES 

DOS CP/M 2.22 

DISPLAY 80x 8 LCD, 640 x64 RES 

KEYBOARD 72 KEYS WITH 7 CHARACTER 
BUFFER, FULL TRAVEL 

DIMENSIONS 290 x 205 x 40mm 

WEIGHT 5Ibs 

0 RS232C, SERIAL PORT, BARCODE 
READER, ANALOGUE INPUT 

PERIPHERALS EXTERNAL LOUDSPEAKER, MODEM, 


PRINTER, EXTERNAL RAM DISK, 
EXTERNAL FLOPPY DISK DRIVES 
BASIC SYSTEM PRICE £798 
EPSON UK 01 902 8892 


inadequate 20 x 4 display; this has been replaced in the 
PX-8 by an 80 column by 8 line version. Unlike many 


32K INC MICROSOFT BASIC, TEXT portable manufacturers, Epson have ignored 16-bit 


technology and instead plumped for a Z80 compatible 
CMOS chip which runs C/PM. This decision guarantees 
the user a host of well tried software packages (includ- 


ing WordStar). The inclusion of an integral microcas- . 


sette recorder has cut down the price of the PX-8 to.an 
affordable level — it must be one of the best buys 
around. 


APPLE lic 

PROCESSOR 6502 COMPATIBLE CMOS 

ROM 16K (INC. APPLE BASIC, 
DISASSEMBLER, MONITOR) 

RAM 128K 

MASSSTORAGE —_INTERNAL 143K5.25IN. DISK DRIVE 

DOs ProD0S, 00S 3.3, PASCAL 

DISPLAY 80x24 LCD (OPTIONAL) CRT 

__ MONITOR (OPTIONAL) 

KEYBOARD 63 FULL TRAVEL KEYS 

DIMENSIONS 305 x 285 x 55mm 

WEIGHT 7.5lbs{UPTO 20Ibs WITH CRT 
MONITOR) 

vo DISK DRIVE INTERFACE, SERIAL 
PRINTER PORT, MODEM SOCKET, 
MOUSE SOCKET, TV/RGBSOCKET, 
VIDEO INTERFACE 

PERIPHERALS CRT DISPLAY, LCD DISPLAY, 
MOUSE, EXTERNAL DISK DRIVE, 
PRINTER, JOYSTICK, PLOTTER, 
POWER SUPPLY 


BASIC SYSTEM PRICE. £925(MONITOR £140) 


APPLE COMPUTER (UK) 0442 60244 

Once upon a time it was a bit of a cheat to call this 
machine a portable - with the CRT display it weighed 
over 20Ibs. Now an adjustable angle LCD is available 
and the weight is not appreciably greater than. other 
portables on the market. A must for any mobile Apple 
enthusiast. 


SHARP PC5000 

PROCESSOR 16-BIT 8088 

ROM 192K 

RAM 128~-256K 

MASS STORAGE 128K BUBBLE MEMORY, CASSETTE 
RECORDER OR TWIN DISK DRIVE 

DOS MS DOS 2.0 

DISPLAY 80x 8LCD, 640 x 80 RES 

KEYBOARD 72 FULL TRAVEL KEYS INC. 8 
PROGRAMMABLE FUNCTION KEYS 

DIMENSIONS 326 x 305 x 87.56mm 

WEIGHT 9.5lbs 

ie) - RS232C, CASSETTE RECORDER, 
EXTERNAL BUS TO DISK DRIVES, 


US SERIAL MODEM PORT, NUMERIC 
KEYPAD PORT 

CASSETTE RECORDER, 320K 
FLOPPY DISK DRIVES, 64K RAM 
MODULE 


PERIPHERALS 
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This machine offers an excellent price/performance 
ratio. The PC5000 makes use of the best of the new low- 
power technology, including thermal printing, fiquid 
crystal displays, CMOS, and in particular bubbie 
memory, which is available on no other machine in this 
price bracket. For those who will find bubble cartridges 
too expensive (at £169 for each 128K cartridge) the 
alternative options of internal RAM disk, external floppy 
disk drives, or cassette recorder are available. The 
integral thermal printer is an important feature which no 
similar portable can offer; the Sharp may therefore be 
the only genuine all-in-one portable on the market. W 


Bare. | 

GRID COMPASS 

PROCESSOR TRUE 16-BIT 8086 AND 8087 
ARITHMETIC CO-PROCESSOR 

RAM 256K EXPANDABLE TO 512K 

MASS STORAGE 384K BUBBLE MEMORY AS 
STANDARD 

DOS MS DOS/GRID OS 

DISPLAY BOx 25 ELECTRO-LUMINESCENT 
DISPLAY, WITH 320 x240 
BIT-MAPPED ELEMENTS 

KEYBOARD 55 FULL TRAVEL KEYS 

DIMENSIONS 381 x292 x 50mm 

WEIGHT 10lbs 1202 

18) RS282C, RS422, IEEE 488, 
INTERNAL MODEM 

PERIPHERALS 360K PORTABLE FLOPPY DISK 
DRIVE, COMBINED 360K FLOPPY/ 
10MB HARD DISK 

BASIC SYSTEMPRICE £5195 

THAME SYSTEMS 084 421 3471 


This is one to ogle at, included here only because it 
ought to be the shape of things to come. The perform- 
ance of the electro-luminescent screen can be com- 
pared with that of a CRT. The machine has more 
memory than a standard IBM PC and large and fast 
memory storage facilities (in bubble), it runs MS DOS 
and is IBMPC compatible. The Grid PC's has one claim 
to infamy — it was used by US troops in the invasion of 
Grenada. Grid offers a special database and software 
service to users. Other machines approaching this 
class are the Hewlett Packard 110, Texas Instruments 
Pro-Lite, and Data General One, Each are 16-bit port- 
ables offering an 80 character-wide LCD, with integral 
3.5" drives. or battery-backed RAM disk - but not 
bubble memory. v 
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The past month has seen 
the introduction of a number 
of robotic devices ranging 
from the sub £100 Zero 2 
from a relatively new 
company with some old 
names behind it, to a couple 
of more expensive products 
aimed at educational rather 
than home use. 


The Romantic Robot 


InterGalactic Robots Limited 
launched their first product, the Zero 
2, on St, Valentines Day. With 
romance in the air the company 
chose to nickname their turtie-like 
robot the romantic robot. The Zero 2 
is claimed to be the first ‘true’ robot at 
under £100 (the robot just scrapes in 
under this figure costing £99.95 in its 
assembled form although those 
prepared to undertake assembly of 
the device can save themselves £20). 
The robot is controlled from the 
host computer via an umbilical cord 
down which an RS232 serial data 
stream controls the three stepper 
motors that provide Zero 2's motive 
power. interGalactic can supply 
connecting cables for the three most 
popular school/home micros — the 
BBC, Commodore 64 and the 
Spectrum. The latter computer must 


ROB 2 


ROB 2 is a sophisticated robot arm 
that offers a staggering 256 
programmable positions within its 
radius of movement. The arm is 
driven by stepper motors and offers 
six degrees of freedom. A major 
feature of ROB 2 is the 
comprehensive software that 
controls the action of the arm. At 
present this is written for the CBM 64 
but versions for the BBC micro and 
Spectrum should be availabie in the 
future. 

The various axes of the arm may be 
controlled directly from the keyboard 
of the controlling computer which will 
produce a comprehensive graphic 
display indicating the exact status of 
the arm. 

We hope to be given the 
opportunity to put ROB 2 through its 
paces during the next few weeks and 
will bring you a comprehensive report 
in a forthcoming issue of Your 
Robot. /n the meantime those 
requiring further information should 
contact Merlin International at 34 ' 
Shaftesbury Square, Belfast, BT2 
7DB, Northem Ireland, 
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be equipped with Interface 1 in order 
to operate the robot. 

Zero 2 has two stepper motors 
which drive the wheels directly. The 
on-board pen is driven by a third 
stepper motor and although the 
accuracy of a stepper motor is not 
strictly required for this application 
the robot is designed to the 
expanded: the company are at 
present designing a number of 
add-ons, The body of the robot 
houses a two-tone horn and a line 
follower attachment. 

IGR have negotiated the right to 
bundle Sinclair Research Limited's 
LOGO software with the Zero 2 with 
an all-in price of £129.95 (this 
includes a power supply). GR have 
developed a unique method of 
controlling the robot via LOGO. The 
SPEED and ADJUST commands 
allow the operation of the robot to be 
modified for differing applications 
and enable the user to compensate 
for any wheel slipage, type wear etc. 
RPRINT enables the robot to draw -— 

in large letters — whatever is typed out 
after the command. 

IGR have plans for a range of 
add-on units to the Zero 1. At present 
they are working on a two way IR link 
to give greater freedom and a speech 
synthesis board. Two other planned 
boards will provide the robot with the 
means of detecting obstacles, holes 


Robot evolution 


While the Mark Il Genesis P1071 and 
P102 robot arms are not new they do 
offer a considerable improvement in 
performance when compared to the 
Mark | incamations. New 
Manufacturing methods have 


oreadges, thus avoiding the possibility 
of falling off the edge of its world. 
IGR is a small company with some 
well known people behind it including 
both Robin Bradbeer and Dave 
Buckley. We look forward to bringing 


allowed the new designs to offer an 
increased accuracy of movernent 
while minimizing operational wear 
and reducing the minotor hydraulic 
leakages that the earlier design was 
prone to. 

In addition to the RS232 interface 
of the Mark | design the arm now 


Your Robot readers a full review of 
Zero 2 in the near future. 

IGR, Unit 208, Highbury 
Workshops, 22 Highbury Grove, 
London N5 2EE. Telephone 359 
2536. 


supports a paralel interface. 
Despite these improvements the 
new version of this popular arm has 
not increased in price, 
Further information — Powertran, 
Portway industrial Estate, Andover, 
Hants, SP10 3NN. 
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Despite extensive coverage of speech 
synthesis in past issues, E&CM have never 
presented a project for the CBM64. This is 
rectified below with an allophone based 
unit built around a low cost, speech 
generating device which is designed to 
make construction more simple and less 
expensive. 


J e LJ ° 
Circuit description 
The full circuit diagram of the speech 
synthesiser is shown in Figure 1. The low 
component count of the project is 
achieved by the use of the General Instru- 
ments SPO 256-AL2 Orator IC (see Figure 


Top View 


281 osc 2 
27D osc1 

26D) ROM CLOCK 
25 [0 SBY RESET 
24D DIGITAL OUT 


Figure 2, Pin configuration for speech chip. 


TO CBM 64 
USER PORT 


COMMODORE ORATOR 


By making maximum use of the facilities offered by the 
Commodore 64 computer, this speech synthesiser project offers 
a powertuil and flexible system with the minimum of components. 


Design by A. Dhalla. 


2 for device pin-out), a VLSI device that 
copes with the majority of the work 
associated with the production of speech, 
and by the fact that the digital filters of the 
CBM64 computer are used to filter the out- 
put of the speech chip to improve the 
quality of the speech generated. This 
avoids the use of the analogue filter net- 
works often associated with circuits based 
on the Gi allophone chip. The speech IC 
incorporates a 2K ROM in which is stored 
the information required to generate the 64 
allophone sounds from which all the syn- 
thesised speech is produced. The 64 
allophones may be accessed at internal 
memory locations in the range 0 to 31 (1Fx) 
— a total of six address lines are therefore 
required to access all the locations. 

When the processor is busy, ie generat- 
ing speech, the load request pin of the IC 
(pin 9) is at logic 1. When not busy, or when 
the internal speech buffer is empty, this pin 
is at logic 0. To load an allophone address 
into the internal buffer the address of the 
required sound is first placed on the IC's 
address lines (pins 10, 11, 13, 14, 15, 16, 
17 and 18). A pulse is then sent to the ALD 
input (pin 20). At this stage the LRQ pin 
goes to logic 1 until the internal buffer is 
once again empty. 

A total of eight I/O lines are required to 
control the speech synthesiser. These 
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© OUTPUT TO CBM 64 
AUDIO/VIDEO SOCKET 


5 PIN DIN PLUG 
GROUND PIN 


comprise seven output lines, six of which 
are used to form the allophone address, 
one to provide the active low ALD signal. 
The eighth I/O line is configured as an input 
to monitor the condition of the speech IC’s 
busy line. The CBM64 provides an output 
port than can be configured to meet these 
requirements. The user port on the left 
hand side of the computer provides all the 
necessary signal lines as well as a DC volt- 
age output that can be used to power the 
speech unit. The pin out of this port is 
shown in Figure 3. 


OV +5V ov 


ov BO 81 B2 83 B4 BS BE B7 ov 
Figure 3. User Port connection. 


To configure the port the data direction 
register of the CBM64, accessed at loca- 
tion 56576 must be loaded with a logic 1 in 
the bit positions corresponding to the out- 
put line and a logic 1 in the bit position that 
corresponds to the input line. In our case 


Resistors (all /4W 5%) 
R1 100K 


R2 2.2K 
Capacitors 

C1 0.14F Disk Ceramic 
C2,C3 22pF Ceramic 
C4 22nF Polycarbonate 
Semiconductors 

IC1 SPO 256-AL2 
XTL 3.12MHz or 3.27MHz 


Miscellaneous 
CBM 64 Speech PCB; 28 pin T1 Low 
profile IC socket; Verobox 301; 2 x 12 
way PC 0.156 in Wire Wrap edge con- 
nector; 5 pin Din Audio plug. 


Figure 1. Full circuit diagram. 
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lines By — B; are required as outputs and 
line B; as an input. The value loaded into 
the DDR is therefore 127 (7F,,). 

The audio signal at pin 24 is passed 
through a low pass filter formed by R2 and 
capacitor C4. The output of this basic filter 
is fed to the digital fitters of the CBM64 via 
the audio/video socket of the computer. 
The final output of the speech board is then 
reproduced via the loudspeaker of the TV 
set used as the computer's monitor. 

The computer's filter can perform high, 

low and bandpass functions on both inter- 
nal and external signals. To set a low pass 
filter bit 4 of memory location 54296 
(D418,) must be set to 1 with the remaining 
bits set to 0. Having determined the filter 
function, a number of parameters have to 
be set before using the filter. The first 
parameter is the break point or cut off fre- 
quency of the filter, the value of which is 
determined by the fact that the frequency 
span of human speech lies within the range 
of 0 to 3.5kHz and with this in mind the 
breakpoint is set at 5.5kHz. The break fre- 
quency is set by placing the appropriate 
values at locations 54293 (D415,,) and 
54294 (D416). The second parameter is 
the filter resonance which produces varia- 
tions in the speech output depending on its 
position in the frequency spectrum. For 
example the sound produced by the letters 
/2/,/wi,/y/ and /r/ is improved if the filter 
resonance is positioned near the lower fre- 
quencies. The position of the filter reso- 
nance is determined by bits 4-7 of memory 
location 54295 (D417,). The third para- 
meter is the value of the volume level. This 
is set at the highest available level in order 
that the final level of sound is under full 
control of the TV set’s volume control. The 
final parameter that has to be set is the 
information to indicate to the computer the 
source of the signal, internal or external. 
This is accomplished by setting bit 3 of 
memory location 54295 (D417) to 1 and 
bits 2,1 and 0 to 0. Note that bits 7-4 of 
location 54295 (D417,,) determine the 
position of resonance. More details of the 
configuration of the CBM64's filter config- 
uration can be found in the computer’s 
programmer’s reference manual. 


@ 
Generating speech 
Table 1 shows the allophone set together 
with the address locations corresponding 
to the start of each speech sound. To make 
full use of the opportunities of allophone 
generated speech it is helpful to have some 
| knowledge of linguistics and an under- 
| standing of how words may be broken 
down into their basic allophone compo- 
nents. We have dealt with this subject in 
past issues of E&CM (see for example Sep- 
tember 1984’s edition). 

In order to get started however we shall 
show how the word RATIO may be 
sounded using the CBM64 speech unit. By 
making reference to Table 1 the word is 
broken down into the component 
allophones 

/RR1/EY/SH/OW/PA2 (14,20,37,53,2). 
By loading the SPO 256 AL2’s internal 
buffer with this sequence of ——————> 
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| 0 | PAt(10ms) before BB. DD, GG. and JH 

— sk {30ms) before BB. DD. GG. and JH 

= ies patti before PP. TT. KK, and CH. and between words 
ms) between clauses and sentences 

| 4] PAS (200ms) between clauses and sentences 

ee 

ae ooae sitting, stranded 

i ae — extent. gentlemen 

| 26 Ci extract. acting 

| 30 | cookie, ful! 

ay talking, song 

) is] lapel. instruct 


great. statement. tray 
kite, sky, mighty 
noise, toy. voice 
after Clusters with YY: computer 
in monosyllabic words: two, food 
zone, close. snow 


Sound. mouse, down 
R-Colored Vowels 
— letter. furniture, interrupt 


| 52 ae Monosyllables: bird, fern, burn 
| ss | : fortune, adorn, store 
| 59 ps farm, alarm, garment 
| 60 | — hear. earring, irresponsible 
| 47 / hair. declare, stare 
| 46 sd eed we, warrant. linguist 
14 : Initial position: read, write. x-ray 
| 39 : initial Clusters brown, crane, grease 
{| 40 | / like, hello, steel 
| 62 | | little, angle, gentlemen 
[| 49 | Clusters: cute beauty. computer 
| 2 | initial position 
| 35 ? vest, prove, even 
| i | / word-initial position this, then, they 
j word-final and between vowel 
S$) bathe, 
a / 200. phase ~— 
| 3 j beige. pleasure 
fs Voiceless Fricatives 
[a0 767 
[23 These may be doubled for initial position 
[ | / and used singly in final position 
| 37 / shirt. leash, nation 
— ace front vowels: YR, IY, [H, EY EH, XR, AE 
efore back vowels. UW UH, O 
f p W. OYA 
| 48] white, whim, twent imehadh 


initial position before a vowel: beast 
final position played, end 
initial position: down: Clusters: drain 
before high front vowels: YR 
> YR.AY, 1H, EY, EH, x 
before high back vowels ‘ 


before front vowels: YR. HY, IH. EY, EH, XR, AY. AE. ER 
initial Clusters: cute, clown, scream ais seb 

final position: Speak: final clusters: task 

before back vowels: UW, UH, OW. OY. OR, AR, AO 


initial Clusters: crane, quick, clown, scream 
judge, injure 


milk, alarm, ample 
before front and central y ; 
Owels; YR, 1Y, 1H, EY, EH XR 
AX, AW. AY. UW: final clusters: earn Si 
before back vowels UH. OW. CY. OR, AR. AA 
string. anger 


ELECTRONICS & COMPUTING MONTHLY - 61 
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Figures 4 and 5. The component overlay and foil pattern. 


allophone starting addresses the word will 
be sounded. Note that each word must be 
terminated with a ‘silence’ allophone PA1, 
PA2 or PAS. This is to prevent the final 
allophone sound from being sounded con- 
tinuously. The silence periods PA4 and PAS 
are used to separate the words of a sen- 
tence. 

Listing 1 shows a BASIC program that 
will generate speech from a sequence of 
numbers written as part of a DATA state- 
ment. The required DATA statement is 
placed at the end of the program as shown. 
To sound the word ‘ratio’ it is only neces- 
sary to enter the following line as the last 
line of the program: 


10190 DATA 14,20,37,53,2,255,255 


Running the program should sound the 
word, If this test is successful, try altering 
the value of the cut off frequency of the 
digital filter by altering the value shown in 
line 10030 (170). Any number between 0 
and 255 may be used. Values close to zero 
will result in a loss of the /SH/ sound while 
the value nearest the maximum allowed 
number will increase the distortion present 
in the sound. Set the value to that which 
produces the best results on your TV set. 

Altering the value of the filter resonance 
can also improve the quality of the final 
sound. This parameter is set by the value 


10000 RESTORE 


way 


TO USER PORT 


given in line 10040 of Listing 1 and may be 
in the range 0 to 16 (it is set at 5 in our pro- 
gram). Altering this variable will probably 
have most effect on the /R/ sound in the 
word ‘ratio’. Again select the value which 
gives the most pleasing results on your 
system. 

Note that when entering multiple DATA 
statements with the program shown in the 
listing, all lines must be terminated with 
the number 255 with the exception of the 
last statement which should end with two 
255 strings in succession to indicate that 
no more data follows. 


e 

Construction 

The component overlay and PCB foil pat- 
tern of the speech unit are shown in 
Figures 4 and 5. In view of the low compo- 
nent count construction should pose few, if 
any, problems. It is recommended that the 
speech IC should be socketed. 

Gl! recommend a crystal with a charac- 
teristic frequency of 3.12MHz for use with 
their speech IC however these are both 
expensive and may prove difficult to 
obtain. The cheaper and more readily 
available 3.278MHz crystal fortunately 
gives quite acceptable results. Output is 
on a slightly higher frequency but the 
sound is still quite understandable. 


10090 B=PEEY 


tranrreer 
ene 
SAA 
pi vevedddees 


TO 5 PIN DIN “ 
AUDIO INPUT PIN 


TO 5 PIN DIN 
GROUND PIN 


Connections to the DIN plug that takes 
the output of the speech unit to the audio 
input socket of the computer are shown in 
Figure 6. 


5 PIN DIN PLUG 


AUDIO INPUT FROM 


GROUND SPEECH UNIT 


END VIEW 


Figure 6. DIN plug connections. 


The last component to be fitted is the 
PCB edge connector. 

That’s really all there is to it. Construc- 
tion is made infinitely simpler by the use of 
the SPO 256-AL2 IC and the quality of 
sound produced is improved by the use of 
the Commodore machine's digital filters. 


This unit is available in kit form (£14.95 
ex VAT) or as a ready built module 
(£18.75 ex VAT). The machine code 
routine can be obtained for £2.50. VLS/ 
Developments, 12 North Parade, Molli- 
son Way, Edgware, Middx. HA8 3QH. 


(56577) AND 128 


1Q005 REM**SET FILTER AND VOLUME LEVEL ##+#+ 
10010 PORE (54296), 128+146+15 

LOO1S REM*##SET CUT OFF FREQUENCY #* #4 dee eee 
10020 POKE (54293),2 

10030 POKE (54294) ,170 

LOOZS REM**SET FILTER RESONANCE 


10037 REM*#AND SOURCE OF SIGNAL #####ex HEE HE 


10040 PORE (54295), 8+(16*5) 

10045 REM*#*LOAD ae 

1005 0 FORE (56579). 127 

10055 REM*+SET ioe TG LOGIC 1** 

10060 FOKE (86577). PEEK (56577) OR 64 

} HOS REM#RHE REFHLEES EER ERERER EEE RERE RE EEE 
10070 READ A 

10080 [F A=255 THEN 10160 
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$0100 
30110 
10115 
10120 
10130 
10140 
1015 
1N{60 
10170 
10180 
19190 
10206 
10210 
10220) 


IS B3i28 THEN 10090 

POKE (56577).A 

REM**GENERATE NEG. PULSE AT LAD FINe® 
FOKE (56577), PEE (56577) AND 191 
FOR N=1 TG 7: NEXT 

POKE (56577). PEEK (56577) OR 64 


O GOTO 10070 


HEAD A 

IF AXBES THEN 10079 

STOF 

REM##DATA EXAMPLE XR REEERHEHEEEEEEEEEE 
DATA 43.19.1.14.1.53.3, 255 

DATA 46,2,23, 44,23, 255 

DATA 13.3.21.2,255, 255 
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From a gentle purr to a mighty roar, 
the tightly controlled power of the 
beast is yours to command! 


A new range of superb quality loudspeakers. 
* Virtually indestructible high temperature 
voice-coil reinforced with glass-fibre 
* 100% heat overload tolerance 
* Advanced technology magnet system 
* Rigid cast alloy chassis 
* Linen or Plastiflex elastomer surrounds 
* 5-year guarantee (in addition to statutory rights) 
Available in 5, 8, 10, 12, 15 and 18 inch models with 82. and some 162 
impedances and with input powers ranging from 50W to 300W e.g. 
Sin. 50W 95dB 812: XG39N / 161): XG40T £17.95§ 
Bin. 100W +98dB 82: XG43W £29.95§ 
10in. 100W 100dB 822: XG46A £29.95§ 
12in. 100W 101dB 811: XG49D £29.95§ 
12in. Twin Cone 100W 100dB 81): XG5OE / 162: XG51F £31.95§ 
Note - the output power doubles for each 3dB increase (ref 1W @ 1m). 


quality at the price. | 


Pocket Multimeter, 16 ranges, 200012/V DC/AC £6.95§ (YJ06G) 

M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 
20,0002/V DC £14.95§ (YJO7H) 

M-2020S with Transistor, Diode & LED tester and 10A DC range, 27 ranges 
20,0000)V DC £19.95§ (YJO8J) | 
M-5050E Electronic Multimeter with very high impedance, FET input, 53 | 
ranges including peak-to-peak AC, centre-zero and 12A AC/DC ranges 
£34.95§ (YJO9K) 

M-5010 Digital Multimeter with 31 ranges including 202 and 20uA DC/AC FSD 
ranges, continuity buzzer, diode test, and gold-plated PCB for long-term 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42,50§ (YJ10L) 


N.B. All our prices include VAT and Carriage. A 50p handling charge must be 
added if your total order is less than £5 on mail order (except catalogue) 


Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911 
SHOPS 

® BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 

# LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926 

@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831. 

© SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 
Shops closed all day Monday 


§ Indicates that a lower price is available in our shops. 


All offers subject to availability. 


LTRS 


Our huge range of top quality electronic components at very competitive 
prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements, it's well worth 
getting a copy. Here are just a few examples from the catalogue. 

(The items below are NOT kits). 

* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 

* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux input, 
slide controls. Only £58.95 (AF99H) 


ws 


* 10-Channel Stereo Graphic Equalisers - 3 models - basic; with peak level 
meter; and with spectrum analyser - from £77.95 


* Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo. 
11 controls. Only £195.00 (AF98G) 
* Video Enhancer improves picture quality when recording from one VTR to 
another, and with TV's with monitor input. Only 28.95 (XG59P) 
* Detailed descriptions of the exciting new 74HC range of IC's which combine 
the advantages of CMOS and TTL. From 46p 
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ13P) 
* 1% Resistors now 50ppm°C, 0.4W, only 2p each! 
* Auto transformers 120/240V 50VA, £10.75§ (YJ56L). 100VA £14.95§ 
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P). 
* Digital Clinical Thermometer. Only £13 


Check our 1985 Catalogue 
for all our other fascinating 
new lines. 


Pick up a copy now at any branch of W.H. 
Smith or in one of our shops. The price is 
Still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CA02C). 


| && Phone before 2pm for 
same day despatch. 


Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 11 International Reply Coupons. | enclose £1.75. 


II oh esecccee Sicalint una ey Pcaaeafoaketstetecdeassnvadaryicasuity  cephele tier : 
Address .... 


Prices firm until May 11 1985. 


